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PREFACE TO THE SECOND EDITION 


To fulfil its purpose of being useful to those engaged in electro- 
therapeutics, or having the responsibility of directmg treatment by 
electricity, Rontgen rays, or radium, this work must be revised from 
time to time. The voluminous literature of this specialty, as well as 
the author’s own experience, afford several advances in general princi- 
ples, though, of course, it 1s Impossible to include in a single book the 
many important incidents reported since the appearance of the first 
edition. Diathermy, sinusoidal currents, radiography with intensifying 
screens, rontgenotherapy, the Coolidge and similar Rontgen tubes and 
the author's method of dosage, and radium therapy are noted. The 
book has been enriched by including several of Machado’s tabular classi- 
fications of electric methods, effects, and uses. The regrettable death 
of many of our associates in rontgenology should cause universal observ- 
ance of the simple precautions which are necessary to ensure the safety 
of the operator and patient. Too often, however, this warning is dis- 
recarded. 

SINCLAIR [TOUSEY. 
NEW Yorke Crryr. 9 








PREFACE 


Now that the work approaches completion the author realizes that 
it 18 Ln meee es lor any book on Sees ad be up to date. A — 


ich is deve alosuuels =0 Eepidly and: abi mick ean’ Gon 7 

‘matic attempt to present what has been done and of how to do it 
y, however, prove useful, Where a statement is ascribed to some 
-tieular observer, this 1s done cither because the statement has not vet 
verified by universal experience or in order to give due credit to 
_lisecoverer of an established fact. ‘The radiographs in this book 
re made by the author except where otherwise stated, and the tech- 

mploved is one available for the average practitioner who desires 
formly suecesstul results. Lightning speed is attainable by the dis- 
cuished expert, but sometimes at a ruinous expense for z-ray tubes. 


all thor’s frequent use of the name “z-ray” is perhaps excusable on 


sund that it is the name Roéntgen gave to the form of radiation 
ah he discovered. The author acknowledges, with thanks, his in- 
‘edness to Dr. Smith Ely Jelliffe and Dr. Harry F. Watte for their 


assistance: and to his assistants at St. Bartholomew's Clinic and to 


ther gentlemen to whom due credit 1s given for radiographs made by 
he The authors consulted are mentioned at the respective parts of 
book, but special mention should be made here of the works of 
uston, J. J. Thomson, Curie, Albert-Weil, and Bordier. The author's 


itest obligation 1s, of course, to the professional friends who have 
| ex patients to him. 


SINCLAIR TOUSEY. 
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West 46th Street, 
NEW VYorE Crry. 11 
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\\ppDICAL ELECTRICITY AND RONTGEN Rays 


GENERAL CONSIDERATIONS 


\eprcaL electricity, or electro-therapeutics, treats of the applica- 
. electricity to the diagnosis and treatment of disease. __ | 
ctricity is known to us thr ugh the effects produced when an 
ic charge, electromotive force, or potential is developed, just 
. attraction of gravitation is known to us through the effects pro- 
| when a body 1s raised from the ground. Bodies in which an 
--amotive foree or potential or electric charge has been produced 
. longer in a state of repose, but tend to produce a variety of 
-. one of the simplest and most direct of which ts losing their 
.Jeity to some other body or to the earth, or, in other words, 
ying discharged. Many other effects are produced by the electro- 
~e force in seeking a state of equilibrium—heat, light, the z-ray, 
janie motion, chemic changes, physiologic efiects. Practically, 
-one of the effects produced by electric discharges Spee oe 
‘ro therapeutics; and some recapitulation of our knowledge of 
-se seienee is necessary to the proper presentation of the special 
-hods of producing and applying electricity In medicine. sed by thes 
leetrieity manifests itself in three principal forms, co‘ sea relia Ube 
es of static, voltaic, and faradie electricity. Static cee = 
tricity at rest, but tenga to ped alent sor Ca ueKe es. 
clectric equilibrium. “Voltaic €lecurleny ew  .. doived form of 
ine ti how in a current. F araclic electricity =i SO aeaion 
irrent electricity in which there are rapid -aprene high tension. 
id, as applied im medieme, almost us ‘chich ‘may be produced by) 
here are several modifications of these ote jar discharges and 
itable appliances, and amone shen eT hen. again, the secondary) 
he modern high-frequency curl ent. cil, “yp : 


on ieee . relations ~and | 
=. ee + the x-ray, and other radiations — 20" 
a chs ct electricity—heat, light, the eet many different conditions. 
nechanic motion are valuable applicat about a century ago Wie the 
The history of electrierty ONE one of the seven wise men om 
‘story of static electricrty- 4 08tte, ~ e+ that a piece Of ambery 
Lal e oe ies ; prope Lo call attention sree Leaeores B00 p.c., but no} 
“en rubbed would attract light bodies: — " S'T "+ 300 n.c. ‘Theo- 
special importance Was attached: Bo ene tae" huricum (probably our 
hrastus Soe sh observation that lynt ioe is all the progress 
UNPSstu)e wannrr he obse ote oe ae s 35 fi ae ee 
m rial wie “he same iol ae ees eae of Dr. eget 
“UE TALL ) OSSESSet ne COW oe eons showed s 
: was made ID le ee a 1 600. His 1m¥ ae ai which it 
iveteian ta Oneen bElizanett: ~ eamerty, and those emcee 
AY SIC lan Lio (ue Th. f a rand] this property, ai ” from the Greek 
at many substances po== he termed * electrics, f 
COUML readily be produced 1c * Li 


= 
i 
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eektron, amber. Among “electrics’’ are amber, senling-Wax, ue, 
ve diamond, fi: ard rubber, sulphur, resin. Any of these, when rubber 
witl h silk or fur, becomes electrified, and e ‘xhibits at once the prope Thies 
of attracting light bodies which are not charged with electricity, of 
which are char ge si wi ith electricity of the OPPs tte sign, + OF — ( posi- 
we Or negsat ive _ as the case may be: of re pel lit iz bodies charged with 
e lectricity of the same sign; of induc ing an electric charge m neighbor- 
ing bodies by a process W hich may be likened to an attrac tion of the 
pposite electricity in the other body, and a repulsion of the electricity 
of the same sign; and of giving sparks or discharging the whole or a 
nart of its electric ¢ harge Lo other bodies brought eat enough to It. 
These sparks are accomp: anied by sound and a smell of ozone, anc 
spnsation and perhaps reflex muscular contraction if applied to the 
ne an body. A fine example of the production of electricity Dy 
friction 13 sbtained when one walks over a woolen carpet, shuffling 
his feet. and produc ing a spark suffice “went to hght Lhe gas OF to give 
quite 4 smart sensation if app plied to a person. 

Ante tries” is the name given by Gilbert to the metals and other 
substances in which he was unable to excite an electric charge by 
friction. We know now that the reason was that these bodies are good 
conductors of electricity, and that the charge was carried awav as 
soom as it was produce ed. A metal or any other good conductor may 
he charged with elec tricity by friction, provided it is Insulated. 

But all substances are not equally charged, and they are not all 
charged with electricity of the same sign or polarity. Those which 
would be covered by Gilbert’s name, “electrics,” develop the greatest 
amount of electricity when rubbed, and among them the modern 
hard rubber is perhaps the most active 

From the start, 1t was noted that elass rubbed with silk, and resin 
rubl ved with cat's fur, became differently charged and attracted each 
other, while two electrified pieces of glass repe slled each other, as did 
two electrified pieces of resin. To these two different forms of elec- 
tricity the terms wvilreows and resinous were applied. Later, when 
it was found that they were complementary, and that two equal 
charges neutralized each other, the vitreous electricity was called 
positive, and given the sion plus, Ww hile the resinous electricity was 

called negative, and given the sign minus There is no special reason 
why either one should be called positive. The names might just as 
well have been reversed. When two dissimilar bodies are rubbed 
together, one becomes charged with positive and the other with nega- 
tive electricity On the two-fluid theory, friction separated the posi- 
tiv c and nerative Auids, anc an exress of one fluid remained It One 
body, while an excess of the other was formed in the other body. On 
the one-fluid theory an excess of electric fluid 1s added to the body 
which becomes positively charged, and a defiert 15 produce excl in the 
body which becomes negatively charged. The modern tonic theory 


of elec ‘tricity will he presented later in connection with the transmission 
of electricity through gases and liquids. When two members of the 
following list are rubbed together, the one occurring earlier in the list 
becomes. Positively charged, and the one later in the list becomes nega- 


tively charged: F ur, wool: ivory, glass; cotton, silk; the hand, wood: 


sealing-wax. shellac; resin, metals; sulphur, India-rubber; gutta- 
percha, celluloid, 
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The attraction of an electrified body for other bodies is illustrated 
by the motion of a pith-ball suspended near an electrified boaly, such 
as the prime conductor of a static machine. The pith-ball immediately 
ewinegs over in contact with the prime conductor, and as soon as it 
touches it is again repelled. According to our diagram (Fig. 1), the 
posits ‘e electricity ift the prime conductor at LTacts the nePative Flec- 
tricity in the pith-ball and repels its positive electricity. When the 
nith-ball comes In contact with the prime conductor, its negative 
charge enters into the prime conductor and neutralizes a portion of 
the positive charge therein. The pith-ball, being then entirely charged 


f*) 
Il 


al Be 


Fic. 1.—Pith-ball attracted by an elec- Fig. 2.—Pith-ball swinging back and 
tried body. forth between the two oppositely charger 
bec fies. 


with positive electricity, 1s repelled by the prime conductor. In 
Fig. 2 the prth-ball is represented as being suspended between the 
two prime conductors charged with electricity. It then swings 
alternately to one and the other, becoming charged at the first contact 
with postive electricity, and then beimg attracted by the negative 
pole, where it loses tts positive charge, and, acquiring a negative 
charge, 15 again repelled by the negative pole and attracted by the 
positive. The same repulsion of two similarly charged bodies forms 
the basis of the instrument called the electroscope. 
__The electroscope (Fig. 3) consists of a glass case in ae 

which a brass rod terminates below in two pieces of 

gold-leaf, and above ina brass knob. On bringing the 

brass knob near a positively charged body, hegative 


It + 


Fig. 3.—Principle of the electroscope. Fig. cPanel oi 
Volts electroscope. 


electricity is attracted into the knob, the positive charge being re- 
pelled Into the two pieces of gold-leaf, which thereupon become widely 
Separated. (mn removing the electroscope from the neighborhood of 
the prime conductor the gold-leaves again fall together, but if the glass 
knob had been touched to the prime conductor, or had received a 
spark from it, the whole electroscope would have become positively 
charged, and the pieces of gold-leaf would have remained divergent 
rey the charge had been lost by contact with some conducting sub- 
stance. 

, +f a new electroscope' the gold-leaves are replaced by two quartz 
filaments coated with platinum. ‘The filaments are fastened to a 


'Th. Wulff, Physik. Zeit., April 15, 1907. 
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are also joined together at the bot wi 
where there is a light weight, 7 Baie wie a tH 
electric charge causes the hlaments (to cIvere® ne ie F al wervnn 
heen microscope magnifying 7) times. Phe beled oe bara Rs te 
scope is of low, and the eye-prece o! high, power. arr te: ae 
jective eS he at a convenient distance irom see Se = ; seh th 
~ Another example of the repulsion between bo isiedeangr ctu sion 
came polarity is seen when one’s hair stands on end u ne ler Lreat ment 
hy static electricity. The discharge of state SISCHTAC ANY Prceuceas 
spark, with a development of noise, light, heat, and chemical effects. 

Muscular contraction and sensation may also be pr a sel ee 
An early type of static electric machine consisted oF a cylinder 
ered | was rubbed by fur or silk, and thus 


of glass, which, as it revolved, ae i 

hecame charged with electricity. At another part of its revolution 
this electric charge was carried off by metallic combs, which were so 
near that the electricity could leap across to them from the glass. 
The combs were connected with a metallic ball, both bemg imsulated, 
and the rubbers were connected with another metallic ball. These 
two formed the poles or prime eonductors of the machine. The 
whole would produce a very small amount of electricity, but enough 


to produce the characteristic efiects of static electricity. 


conducting rod at the top, and is 
Hroducine 


a 
Fig. 6.—Charge by conduction. Fig. 6.—Charge by conduction remains 
Permanent in on insulated body after removal 
Irom the charging body. 


A body charged with static electricity may produce a charge 
in another body, frst, by tonduction or convection: second, by a spark 
discharged; third, by induction. The charge produced in the prime 
conductors of the old static machines hast ‘ates one and two, the 


combs becoming charged by a spark discharged from the glass, and the 


prime conductors receiving their charge by conduction from the combs. 
Figs, 5 and 6 show what takes place Shane hoarse chareed by either 
conduction Or spark from & body already chareed. a mav be the 
positive pole of a static machine, and b, an insulated metallic object. 
The process is twofold. There is an attraction of the neuaticlens 
rity 1n } to a, and a passage of a part of the positive electricity in a 
into b. The result is that b becomes charzed with positive electricity 
and remains $0 alter removal from the neighborhood ofa. The positive 
charge On @ 15 partially neutralized, but if a is the positive role of 4 
oe pemmues. this deficiency is immediately supp! ied. e 
A charge by induction is shown he thea « ‘digas Fs 

insulated boat “thy ba tie pina Bead ment of bringing “LY 
which in this case is supposed to be pasit Te heen cone ae 


nope . positively chars is] Se 
electricity in 6 is attracted to the a y charged. _ The negative 


Lebel atha, 3 ; Trace hearest a, while the positive 
other y. in b my repelled to the Surtace farthest “LWELY. | Un sth hoes 
enctions the farther extremity of b will exhibit the characteristic 


effects of a body charged with positive electricity. lt will attract 
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negatively charged pith-ball, for instance, but if it ia now removed 

& hia reed eh ivhioce Ta | af a. tts elect rie: charge wowlel LAIN become 

ral. But if 6 were touched bY 4a conductor, ¢ at any time while 
inder the influence of the positive charge in a, its positive charge 
would be repelled mto the conductor. and an aclilitionnsl negative 


charge would be attracted (Fig. 8) from the conductor. The latter 


rt s = 
. *, ah race fir ain _ | ons “i 
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Fig. 7.—Charece br in- Fig. 5.—Charge br in- Fie. &.—Charge by 
7; Ee A peu te ral coaArre cductio 1 @ NTT Pee heel by 4 induction rematna per= 
niegrated, eli ciricits tact with a conductor. Manet in min ima) atoed 
: bod ia ef er re Trin | ot the 
conduction in Fig. 3. 
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siand of the same sin 


then be removed, and 1i, now, the insulated body, b. which js 
completely charged with negative clectricity, be carried to a distance 
from a by means of its insulated support (Fig. 9), 1t will be found to 
still retain its negative electric charge. 
In another experiment (Figs. 10 and 11) two bodies, d and e. 
closely in contact with each other, are brought near a positively charged 


| a’ | 
: | 


Fiz. 10.—Charre bey Induction Fiz. 11.— Permanent charge in two 
two insulated bedie: in contact insulated bedie which are separated 
With gach other. while still under inductive influence. 


a 
] i 


body, ¢; their entire charge of negative electricity 15 attracted into d, 
which is nearest ¢, and the entire positive! charge would be carried 
mto ¢, farthest away. If, now. the two bodies, d and e, are separated, 
it will be found that all parts of d are negatively charged, and all parts 
of € positively charged, and that these charges will remain permanent 
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Fiz. 12.— Induction if, & grounded bad. Fir. 13.— Permanent charge in an 

insulated body if ground connection & 

broken while still under inductive in fu- 

ence. 


even if they are removed to a distance from each other, ancd from the 
body c, from which the charge was originally induced. pe Hs 

A somewhat similar effect is produced (Figs. 12 and 13) uf b is 
grounded or connected with the earth while under the infiuence of a, 
and this ground connection is broken, while } is still near a. In this 
case the entire positive charge of & 1s driven to the earth, and 6 be- 
comes completely charged with negative electricity. This charge 
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he the neighborhood of a, 
<nAInSs Ver after A is removed irom the TLE 1B | 
TEMAS Vem mite ra negativels charged body 


et | eee i y ors | aril iy = : 4 
same effect is produced (Figs. 14: m it while 6 is: une 
i 7 uy hit . ntact with # and removed from rt while 6 15 still under 
iS OTOUPHE in contact wil pa a 


the influence of a. ae a roe 7 
Al] ee lern static machines, called mnjluence machines, depend OT 
2 Germ Stacic adc 
these principles. ; pe ee | i , 
Two bodies, 6 and ¢, separated by a sufficient air-space or by some 
otto dinlaetcic Fie. 16), may be influenced, the one by a, positively 
fer rT 4 i | on i, o0icm . ; “ d : etka iy 
Charred rich ate. at her ha dl. NerALIvels charged, il being brought ity 
Sintec with a ean 1 with «. & becomes completely charged with posi- 
tive electricity by conduction from a, and ¢ with eae ier chee 
by conduction from ad. Both are piven a much heavier c larre than 


“corapsy 
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Fig. 14.—Charge by induction com- Fig. 15. — Permanence of induced 
pleted bY Contact with a theo ly having charge after removal of oppositely 
the opposite polarity from the induc- charged body in Fig. 14. 


fe © hare, 


would otherwise he the case in consequence ot the attraction of the 
two opposite charges of elect ricit’ for each other exerted across the 
space between 6 and c. <A greater amount of electricity enters 5 
from the positive pole, a, in consequence of this attraction, and simi- 
larly in the case of c. The Levden jar and various other types of 
condenser depend upon this principle. 

_ Ain electrified body may part with its charge, first, by removal 
irom the neighborho Ml of the ind ucing body; second, by conduction 
through conductors to the earth or some oppositely charged body; 


third, by convection: fourth, by spark or disruptive charge. One and 


wo have already been suliiciently discussed. Three- when a body is 
electrified, its charge has a tendency to accumulate wherever it hag 


- 1G. = Principle ol tk Condenser charge. 


svarP points, and when any other body is brou 
et a discharge takes place between the Lwo, accompanied by a faint 
port ight, visible both on the points of the electrified body and on 
=. Pea he pod ¥ to whicht he ischaree passes. Su cha diseh arse 
SR oi pee “shi! OF, ey talking of high-frequency currents, 
fied body, like pte a c seen im a darkened room whenever an electri- 
& point or is wins P ", 2 Static machine or a charged wire presents 

ep uetately near, but not Within sparking distance, to 


the other pole or sama , 
r ee =e z - OMe Of her i r tn a ~ = 
of electricity this came bedy. With extremely high charg 


body ean be Been to bake vlaasn discharge from points on the charged 
a oe eeeee bred . @Ver 1 ctl : iL pa : 
his constitutes t he phen en H no other body is anywhere near. 


ring o omenon called St. F tate where Ds 
Ting on the top of the masts of shi a Fa | E! Pri 's fire, sometimes GGHIEE 


ght sufficiently close, a 





STATIC ELECTRICITY 
INSULATORS AND CONDUCTORS 


THE reason why a metal ball upon a glass standard retains tts 
charge of electricity 1s because glass 1s an insulator, or a non-conductor 
electricity. Lhe terms conductor and non-conductor are relative. 
Conductors permit the passage of electricity readily, 7. ¢., with little 
resistance. Non-conductors transmit electricity “very poorly, or 
with great resistance. Glass and air are very poor conductors of 
lectricity, and an electrified body will, 1f insulated by either of these 
lose its charge very slowly under ordinary conditions. Air 
mav become a good conductor in several different wavs. one of the 
most interesting bemg by ionization of the air under the influence of 
the z-ray. The discharge of an electroscope and the falling together 
of its leaves under tomization of the air by the z-ray have been pro- 
nosed as a quantitative measure of the latter. | 
~ Among the conductors are metals, charcoal, graphite, acids, water, 
and the human body. Among partial conductors are linen, cotton, | 
lcohol, ether, drv wood, and paper. Among non-conductors are? 


oils, porcelam, silk, resin, gutta-percha, shellac, hard rubber, paraffin, 
glass, and alr. | 

An electric charge passes through a conductor easily and quietly, | 
unless the conductor forms too small a path for the quantity off 


electricity passing through It. In such a Case the conductor becomes 
| In the case of a non-conductor, practically no flow is permitted] 
unless the pressure or tension 1s very great, and then the electricity; 
does not pass by conduction, but by a disruptive discharge. lt seems 
to break through the non-conductor, and jn the case o1 violent dis- 
charges of electricity, as in lightning, the effect upon non-conductors) 
is most destructive. Conduetors are used for the passage of electri 
charges and currents. Non-conductors or insulators are used to 
protect the charged conductors from contact with other conductors, 
and thus to retain their electricity. ea =. 
For all practical purposes the earth may be regarded — Ta 
exhaustible storehouse of both positive and negative elect ricity. 40s 
2 static machine a charge communicated to both poles is much mq 
creased if one of them is grounded or connected with the earth. m ee 
two perfectly insulated dissimilar bodies are rubbed Be Fy R akc 
tive charge will be produced in one and a positive Lis ool Se cone ‘mall 
by a process which may be regarded as 4 disintegration Se aa. the: 
neutral charge in both into positive and negative charges, a alll 
positive electricity of both being accumulated im one ope Cane Be: . 
the nerative in the other. If, now, one af these bodies, $8) ae iy . 
tive one, is grounded, an additional amount o! aig pairs ob sitivel 
enters it from the earth, attracted into the negative pole by t sf: Laer oe 
charge in the other pole, and then with a pes SETI Pee i 
stronger positive charge 1 produced in the other by imcdue pe 
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; : , ~ arcence of friction @ golng on While 
if assuming, of course, that the proce anv, Eons 
this hol a | connection 13 en 
[t appears to be universally true til 
posits st cee of electricity of any form whatsotver & attended 
HiIGIVe COSIrere of; fu ul Locks am . 
= eautive charee 1 elec ce Charen 
by the development of an equal negative Charpy: An €l ay _Ee 
3 —tending. to prodnes en a 
is ye riciipy, the charge 19 altorether 
Neutral Stace. bie = 


ech 
on the surface of the electrified body. This may be due to the repul- 
ris Lire electricity ve the SLE =a | 
ather positive or negative, and the tension Of Pressure oT static elec 
tricity 18 so creat that this repulsion repels pract ically the entire charge 


to the surface. . 
Statice electricity must be considered Separate y Irom dynamic 
electricity because it is only by the so-calledt STALIC machine that 
auch very hich voltagres eon be directly Tit renidily obt: iret. Tha 
very existence of a useful charge of stutic clectricity Tequites that the 
eharged inwly shall have both pacity and imsulat lon. ‘The difter- 
ence between electricity in the form of a current and electricity stored 
up as a static charge is comparable to the difierence between water 
poured through an Open ring andl Water poured Into a cup. ae. cupful 
i water” implies that the cup is closed at the bottom, and “a charge 


hat the development of the 
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In the case of static et 


sion which an electric charge exe 
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static electricity’ implies that the charged bos ly 15 capable of retain- 
ing the charge. Useful charges of static electricity are of such high 
voltages that the requisite degree of insulation can be conveniently 
obtained only by means of apparatus dependent upon the excitation 


of non-conducting plates of glass, hard rubber, paper, or mica. 


IHE LEYDEN JAR : 


A glass jar, coated on the outside and on the inside with tin-fol J 
to about half its height, and with a brass rod fastened to the cork 
and connected with the inner coat by means of a loose chain, the 
brass rod terminating above in a knob, constitutes the ApPAracus 


known asthe Leyden jar. To charze it, the knob on the upper end of 


the rod is brought near enouch to one pole of the static machine to 


dees 4 charge by conduction, convection, or by spark (Fig. Li), 
while at the same time the outer coat of tin-foil is grounded by holding 


the jar in the hand. The inner coat becomes fully charged with posi- 


tive electricity if it is the positive pole of the static machine whieh is | 


used, and the outer coat. separated from it by only the eighth of an 


inch thickness Oy t ad class, hear, ies necaty Viel charred hy iIncluection. 
Phis negative charge of the outer coat 1s attracted 


into it from the ground. The two charges are 4 


very great deal stronger than either would be alone, 


In consequence of the attraction of the two for} 


each other, and the consequent condensation of 

electricity. Such a charged Levden jar will retain 

| ——.__ ‘it charge fora long time in spite of the fact that 
Fig. 17.—Charging a 9! 15 Carried about and handled by the outer coating, 
Levilen jar. Or, 1 It 18 set down On rlass plate or some other in- 
sulator, the knob connected with the inner coating 


may be touched without any discharre occurring. Touching both the | 


outer coating and the knob connected with the inner coating at the 





STATIC ELECTRICITY 25 


we Lime will praduce a discharer, which, in the ease of a Levden 
My S148, OCCuUrSs a3: a very brilliant, white, large spark, = 
Such i disc! nares pr mduces phy Solo effects. the. moat cianttens 
ich, with a small jar, heing a single muscular contraction of the 
forearm, but, extending, with a large jar, to the muscles of the arin 
dicen the chest. A ¥ ery large Levden jar gives a poweriul 


pick and so does a battery of Leyden jars with their outer coatings 
mnmected with one terminal and th lf Inner eos Ings orth axidthiae 
Tene of a Lic ar re will depend upon the ares ot learl-foil 
: Levden jar or jars, anil the tension of the charge. A whole 
rroup o if prey He Prev receive : shock at one time if they youn 
qa © ata anc t] l@ OULEr Conk i a large Levde aa jar beet oer 
person, and the person at rehe other , 


hands in 
ftaspexi by one 
enc touches its inner rod. 
Experin ientally, a whole reriment of soldiers have been oiven a 
=i] Th rhe LS shock Ink this Wily ss 


To avond disagreeable shocks, Leyden jars should never be leit 
a charged cons dition, but should be discharged by a special curved 
Metal rod - wit! L <n insulated handle mace f for this purpose. 


Leyden Jars form an important part of the aj pparatus for treat- 


= ie 


ment by St: Aate electricity and by the modern hich- frequency ey urrents. 


lf a Levden jar consists of a flass tumb ler with a loose inner 
coating In cupshape, and an outer one of the same nature and is charred 


in the ordinary way, the inner metal coating may be taken out and 
iandled, and will be found net to possess any electric charge. The 
outer coat may then be remover l. and will be found to have no charge. 
The entire charge remains upon the two surfaces of the dielectric, 


tlass. and on reassembling the parts of this dissected Leyden jar, 
t may be discharged in the ordinary w aN. 

T he other type of condenser, consisting of some dielectric sheet is 
of mic 4 OF paper, between which are sh ieets of a conductor, hke t in-= 
foil. are used where a very laree surface is required, and where the 
tension 15 comparatively small. Such conden ers will be described u 
et detail in connection with mduction coils. 
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NATURE OF ELECTRIC SPARES 


The discharge occurring between the two poles of a static machine 
Vaties in aceordance with their distance apart. li they are very 
close together, there is an electric arc; if a little further apart, there 15 
an almost continuous thread of white light. sonar ne the poles 
an inch or two, the discharge changes to a thread, a number ol 
bhire us, of violet licht, with brilliant white sparks Pe each pole. It 
a bit of wood. like a match, is held close to the positive pole, the sp: ark 
wm ne late. deflected toward the wood, but little or no effect 13 produce? 
by wood held near the negative pole. Ifa pointed metal electrode 
co nneetel with the earth is held anywhere near the positive pele, 8 
br right violet light, like a star, appears upon the point, and w hen it 1s 
brought almost in contact with the positive pole, a bright white con- 
tinuous thread discharge takes place. When the same erounded point 
electrode is brought near the negative pole, the star does nol appear 
until the point is within a few inches of the pole, and when it is pi 

still nearer. violet brush discharge takes place from the point to the 


negative pole. 
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The discharge occurring between the two poles of a static machine, 
when they are separated by a considerable distance, 18 beat seen aft 
a darkened room. The whole space between the two poles 1s filled by 
an elliptic mass of violet hight. From the aaah pole there shoot 
of simultaneously perhaps a dozen zigzag threads of violet heht, 
giving an appearance likened to a fox’s tall, while the discharge from 


a 


the necatit e pole Is slmnply a diffuse] effuve ol violet hight. Connect- 
ine the inner coat of one Leyden jar with the positive, ancl the LTLTLer 
coat of another Leyden jar with the negative, le, and connecting 
their outer coats together or both to the earth, the discharge between 
the poles of a static machine ceases to be a contimuous one, and be- 
eomes a succession of brilliant large white sparks. ‘Lhese sparks are 
exactiv the same as the spark produced by the discharge of a Leyden 
; jar. In the diagram (Fig. 15) pis the 
positive and mm the negative pole of a 

static machine. As the electric charge 

is produced by the operation of the 
machine, the inner coat ‘of the Leyden 

jar, l, is positively charged, and the nega- 

—* tive electricity in the outer coats of both 


___ Fig. 18 —Levden jars causing jars, connected by a brass rod. is at- 
separate powerful sparks betwee tracted to the outer coat of L, and this 

) strong negative charge of its outer coat 
increases still more the capacity of the inner coat for positive electricity. 
The same process takes place in the Levden jar, [, whose mner coat 
receives a very heavy negative charge, and whose outer coat receives the 
entire positive charge of both jars. When the machine 1s turned on, itis 
noted that the usual brush or spark discharge does not take place 
across the space between the poles of the machine. The charge 1s 
bemg stored up in the two Levden jars, and in cach one 1s bound by 
the attraction existing between the positive and negative charges, 
separated only by the thickness of a sheet of glass. Eventually, the 
Leyden jars become overcharged and a discharge occurs. A brilliant J 
white flash passes across the space between the poles of the machine, 


7 .. | 
eS. 


forming a contmuous zigzag line. At the same time a crown of zigzag, 
violet, thread-like flashes starts upward from the upper edge of the 
outer coat of each Leyden jar. The inner coats have parted with 
their excessive charge, partly by discharge from the mnner coat of J 
one Leyden jar to that of the oppositely charged one, through the 
medium of the poles of the machine and the intervening air-space, and 
partly by discharge from the outer to the inner coat of the same jar 
over the surface of the glass. The latter, in each jar, is a consequence 
of the discharge of the inner coat, which leaves an excess of charge 
on the outer coat no longer bound by the attraction of the internal 
charge. <A similar excess of charge of the opposite sign is liberated 
at the same time on the outer surface of both Leyden jars and part of 
these two opposite charges are exchanged and neutralized through 
the brass connecting rod. The rod, although laree enough to carry 
many thousand times that amount of electricity in a quiet current, 

where only Its ohmic resistance would be: operative, develops al) @&nor= 
MoUs inductive lmpedence to the passage of such a discharge a8 

Occurs In this case. This is why Some of the discharge can he seen 

Passing from the outer to the inner coatings of the surface of the class. 
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resistance of the latter path is great. but a portion of a discharge 
nply cannot get through the brass rod, and has to leap across the 
pace described. Leyden jar discharges modified by inductive im- 
pedence in coils and the like form the modern high-frequency apparatus. 
if the p Nes a the static machine are too widely separate d, no discharge 
will eee Ae simply hang there in a fully charged 
HOTS, and in the dark, of course, u convective discharge can be 
leaking Into the air from all points or rough places in the poles 

jars. When the poles are brought nearer together, the flashes again 

oa place, aan mpc he first loud and brilliant, and at long intervals 

f perhaps OnLV Hiteen In a minute. As the IM les are brought \aareeant 
peer the Hashes become less brilliant and more frequent, and at a 
distanee of half an inch or an inch they form a continuous stream of 
white light with a very rapid succession of reports, which are not as 
deatening a: when the distance was greater. If a static machine has 
been running with the poles so wide apart that no discharge occurs, 
and is then stopped, the Leyden jars still remain charged, and a flash 
will occur on pushing the poles toward each other. 

When a Leyden jar is discharged by placing one end of an insulated 
metal ro] In contact with the outer coat and bringing the atlas cai 
near the knob connected with the inner coat, the spark which is 
pr duced does not completely discharge the jar, and aiter a minute 
or two a smaller spark or residual discharge may be obtained in the 
Sime War. 


Th 


pete 


e electric spark produced by the discharge of a Leyden jar 


- any other condenser appears like a single flash, lasting quite an 
appreciable length of time. Experiments in which the spark is 


hserved by means of rapidly revolving mirrors do not show the reflec- 
tion of the spark as a bright spot, which would be the case if the dis- 
charge were instantaneous. On the contrary, the Image appears 
drawn out into a line, and measurements which have been made 
indicate that a Leyden jar discharge, between brass knobs five mulll- 
meters or one-fifth of an inch apart, lasts about one-twenty-four- 
‘thousandth of a second. The same kind of experiment upon a long 
snark shows that it berins stmulianeously AT hoth poles, and is visible 
later in the middle. Static electricity travels through the air and 
throuch most metallic conductors at the rate of 185,000 miles a second, 
so that the difference in time between the appearance of luminosity 
at the middle of the path of the spark and at the two ends “i Med 
small indeed. The discharge takes a zigzag course, Just exacty & 
the case with the lightning flash, because of the varying reeistanee 
Cf ser] hy the eondensat 10m of the air before it in rere Ee 
its path. A spark passing through a partial vacuum forms practical) 
& straight line. ren oh ra 
Oscillatory Nature of Spark Discharges.— ane bees eyes 
by a Levden jar represents millions of to-and-fro clisc sae 30). 000 
the lightning flash across a mile or more spate 4 bodies (Fie. 19). 
oscillations. Two oppositely but equally charges as see ree 
between which a pith-ball is suspended, will lose * ne dhe vith-ball, | 
both become neutral in consequence of Scone ar = i aru 
which may fret touch P, aril taking away 4 part or ee : its ‘positive 
is repelled by p and attracted to n, where it a © eae part 
charge, neutralizing part of the negative charge of n-  #ien"™™® 
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ot this negative charcre i eommunicated to the pith-ball anc earried 
across to p. The neut ralization of a Levden jar charge 5 accomplished 
hy a somewhat analogous series of oscillations. It ia the enormously 
a high frequency of these oscillations, 
millions a second, that geivesthe name 

to‘ high-frequeney’’ currents. This 
subject will be dwelt upon in an- 

= f» Y— other chapter. 
—— Any electric spark in the open air 
Pith-ball oscillating be- produces discharge rays, which are 
two oppositely charged Iexlies 1 eribed elsewhere and have some 

of the properties of the z-ray. 

The Electrophorus.—If a macs of melted resin is poured into a metal 
plate anc allowed bio cool, it may be charged with negative electricity 
by rubbing it with cat’s fur. If a metal disk, somewhat smaller 
than the resin. is placed upon its surface, the neutral charge 
of the metal disk becomes separated into a positive charge, induced 
on its lower surface, and a negative charge, on Its upper surface. 
While the disk is in this condition, if it & touched by the finger or 
some other rrounded conductor, 1ts negative charge will be removed, 
and an addition made to its positive charge (Fig. 20). The negative 
charee on the resin is not communicated to the metal disk because the 
rough and uneven surface of the resin prevents contact except at a 
comparatively few scattered points. The resin is so poor a conductor 
that its charge remains fixed on the different parts of its surface 
which do not come directly in contact with the metal disk. The 


1 


and discharging them 


Fig. 20.—Charging the ¢lectrophorus. Fig. 21.—spark from the electrophort. 


negative charge on the resin attracts a comparatively great charge 
of positive electricity into the disk placed on its surface and connected 
with the ground. The positive charge on the disk in turn exerts an 
induction upon the resin, increasing its negative charge by attracting 
negative electricity from the earth through the outer metal plate, 
containing the resin, and which had better not be insulated. The 
iner, or other ground CONNECT lon, 2 to be removed while the disk is 
still in postition. The disk is then removed by means of its glass 
handle, and will be found to have quite a charge of positive electricity. 
fis may be used to give a spark, as in the diagram (Fig. 21), or to 
charge a Leyden jar. A long succession of positive charges may thus 
be induced in the metal disk, and used to charge a large Levden jar, 
4il being obtained from the original single charge of negative clec- 
tricity produced upon the resin by friction. This principle is the 
foundation of the modern static or influence machine. 


THE MODERN STATIC OR INFLUENCE MACHINES 


The amount. of electricity which can be obtained by frietion. is 
6O £mall compared with the amount of work required to produce it 
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the apmaratus cer mi an + g)--.5 an : 
‘ . * a5 me Seren tent upon this principle 1S impracticable, 

‘a ineteaced be ae Cleetricity originally produced by friction 
y be se | rn ase iM Means of a suitable induction apparatus as to 
were em ugh for every melical Purpose, 
in the pee eee of t he simple friction type a Positive charge 

' a =~ sa Sh revolving: Flass plate by friction. This positive 
is carried Dy the glass to the Place where the metal collecting 


comb of one of the poles 15 ne: 
(Pig. 22). 


; ae ir the plate 
The POSS charge upon the plate 
Separates the newt Tal charge cet the comb and 


fig. 22.—Principle of the static machine Fig. 23.—The charge in the comb of a static 
of simple friction ty par. eset tirae. 


ime conductor, inducing a negative charge in the comb and a 
citive charge in the pole (Fig. 23). The negative charge escapes 
1) the points of the comb as a static breeze or brush discharge, 
‘+h, passing to the surface of the plate, neutralizes the positive 
ree there and leaves the plate ready to be recharged by friction 

at another part of its revolution. 


iT ar 


The rubber, of course, 15 negatively 
ed, and 1s connected with the other pole of the machine. 


valionary glass plalt. 


= a re 23 Tare ar 
Ce a re Ci al ca nn ae ane See 
Foie 
inflwen f imbic bile. 
Fig. 2. .—Disgram of influence type of sialic mac 


ay a tern feld-platea of 
In one type of influence machine there were a a angst 
paper or of metal foil pasted BPor, fw wg poke angie anive a 
Fig. 24), These field-plates are slightly Charge se naner or metal 
o, With negative electricity. A third insulated piece of paper oF igh 
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ealled a carrier 15 fastened upon a revolving glass plate. This carrier 
is grounded or connected with the earth when it is opposite a, and, like 
the metal disk of an electrophorus, will have a small charge of free 
electricity after it has moved past a, When it has made part of a 
revolution, a collecting brush comes im contact with the negatively 
charged carrier. This collecting brush is connected with the negative 
field plate , to whose original small charge is added the major part 
of the charge brought by the carrier, which m this way becomes less 
fully charged. Continuing its revolution the carrier comes opposite 


the negative field plate 6, with which it 1s no longer in connection, 

while, on the other hand, It is again grounded. Under the Influence 

of a somewhat increased negative charge of 6 a somewhat stronger 

positive charge is induced in the carrier—positive electricity being 
attracted into It from the earth, and negative electricity being repelled 
from 1 to the earth. While the Carrier 1 opposite 6, this positive 
charge is bound or fixed upon the carrier by the attraction of the 
oppositely charged field plate, just 25 18 the case with the charge upon 
the two coats of a Levden jar. After 1t has revolved Past bh and 
also no longer grounded, the positive charge upon the carrier becomes 
free and is carried by a collecting brush, which comes in contact with 
it to a, strengthening the positive charge already present in that 
field-plate. With a rapid rotation and a mechanic construction 
which permits of verv little leakage of electricity by conduction, the 
held-plates soon acquire a very powerful charge. 

From the beginning a carrier, when negatively charged, gives up 
only a certain portion of its charge to the collecting brush, leading 7 
the negative field-plate, so that both the carrier and the field-plate 
have the same charge in proportion to their size. The unappropriated 
negative charge upon the carrier is taken up by the combs of the 
prime conductor before the carrier reaches the part of its revolution, 
where It again comes under an inductive influence. This charges the 
iegative pole, and the positive pole receives its charge in the same 
way, through a comb applied at the opposite part of the carrier's 
revolution. The two poles are the places at which the two opposite 
charges are nearest together, and where they exert their ereatest 
attraction for each other, and where 4 discharge occurs when sufhcient 
tension 1s produced to overcome the resistance of the intervening 
ar-space. The attraction of the charge in the opposite pole is a 
special factor in the passage of the unappropriated charge from the 
carrier to the comb of the prime conductor. In this transfer from 
patrier to prime conductor the process may be regarded as one of 
Induction, just as is the case in the s; mple friction machine. Instead 
et making 4 ground connection when the carrier is opposite one of 
ee Dee 1 SUSSOR Gry In static machines which have more 
A ae ne carrier to have the connection made between the two oppo- 
beast rod.” One carrie heen of neutralizing brushes joined by & 
both. while <i ‘ieee pac a ae ted sea it the Positive charge of 
forge yes it eater ime the negative charge of both is attracted 
oe the other carrier. , 
ue. cies does *. constructed on the principle indicated 
ease of the Holtz ss ia oe = 15 pies placed inside the glass 
thi 7 Machine, to which it gives the initial charge. In 

Ms particular Toepler machine there is a stationary glass plate, 
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= | ‘ i ‘| | T | L. » a | a - 
ive meches in diameter, upom Crt back of which are Paster the 


lates, Tw niereSs cut Dipper lOrminge Curved Strips about La rh 


. " a a ~— ] me hes a a . = . 
me, with ther outlet CV iM ao meh internal | 


Aire O the outer 
the stationary plate. Each a LOeSe strips occupies about 
urth of the circumference of a circle. <A strip of sheet metal 
pasted directly upon the glass along the center of 


: : be f each Strip of 
the sheet n etal Lor ren LEE L Su! halt an imech wide and 
long, with somewhat larger extremities. The revolving 
aHOUt I men 3 nt a half less in diameter than the 
11 a very small distance from it. Upon its 
the surface away from the stationary plate. 
ht carriers—strips of metal about three-fourths of 

fwo inches long, 

rection of the spokes 

plat if revolves 

are rubbed by 
ur different 1 brushes: wo of 
these are neutralizing brushes, the 
ippropriating brushes con- 
] the two held-plates. 


combs not shown in 


ach Carrier, 
? to the held-plates of 
nachine. This Toepler 
ne is operated by hand, and a 
: Of it generate a sufficient 
to enable the Holtz machine 
up promptly. The Toepler 
it will be seen, 1s seli-charg- 
| he brushes upon 
and also upon 

irface 

SLaTt it, and ti! 

apidly multiplied by the induction 


] B 2 = = 
i COOPACterizes @Veryvy [orm of In- 
HUenCe machine. 
All these modern tynes of static 
machine ire capable of 1?oducing ‘ 
I ~—"® Fig, 25.—Toepler machine used to ex- 


ly oe f Ln a | Tr Py op =a Fi. =| mh a : a 1 
very powertul cha Pes WOE & NuUM- cite a Holtz machine. 


ber of Ir ee Diates Are used. a hich 


rate of speed is produced by electric motors, and the glass cases mi 

which they are coni ained are air-tight, and the machmes are kept alii 

(rom cust and moisture. The large powerful machines 50 commonly 

used in America are capable of producing very much better results 
& 7 be he — he 


n 
a fa 1 a iv it ie - | E = “ . - = i q hy | 
a5 a therapeutic agent and for the operation of an 2-Ti) tube sea 
the smaller machines, usually made in Europe, which can be lite 
ah naan 


mind and are hardly more than laboratory tov. ° 
7 FE : ie = 4 im : ey Ts hi i 
Lhe We imshurst machine [- i, in its simplest rorm, « onsist: 


Fr 


ive Tou Fie 
z Li 


o glass plates of equal size, and very close to each other. revolving 
in opposite directions. Each has a number of metal carriers pasted 
up iD it, and these ales serve the pUrpose cf field-plates, unc re on 
the side away from the other plate. Each plate has Its own pan af 
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5 Fire ty "a a FL tonhble 
neutralizing brushes, connected by a brass rod. Ther a mo 
tio toe 


nc extends elec 


7 | i ry ; i : © ar a el 
collecting comb }RLESSInE Irom each Prime conmuctol vil 


plates. Ihe comb from the negative pole 1s forked 
to the surface of both plates and receives its charge a carrier ad 
f ¢he two plates simultaneously. There are no special field-pia 


on enech 
pia 
= a a : + | i TE 

no appropriating brushes, bringing a charge cL ty irom ES 
rrier on one plate to any part of the other plate. ‘Ihe imitial charg 


d by the frietion of the neutralizing brushes upon the ei 


i oft Ts bee 
eB: he ee 


and metal carriers AS Soon as any of the carriers 
Le 


charged, they act upon those of the other plate by induction, in 
wary deseribed as taking place in the Toepler machine; and very soon 
a powerful charge is generated and may be seen passing across bMS 
snace between the discharging rods connected with the two poles 
(Fie. 27) Like the Toepler machine, this 1s self-exciting, and 1 
often mploved to give the initial charge to a Holtz machine. For 


Fig. 26.—The Wimshurst machine. Fig. 27.—Principle of the Wimshurst 
machine ( Rime). 

this purpose it is placed inside the glass case of the larger machine 
and given a few turns by hand. : 
| The Holtz Machine (Fig. 28).—In this variety of influence machine 
there are two large fixed feld-plates and a plain revolving glass plate 
without carriers (Fig. 29). There are a pair of combs at opposite 
ends of a metal rod, performing the office of neutralizing brushes 
and there are collecting combs from the prime conductors. Tt 3 


is 
necessary to supply an initial charge, and formerly this was done by 
means Of & plece of hard rubber excited by friction and held against 
one hield-plate while the glass plate revolved. | 
ni have 4 small Toepler or Wimshurst machine inside the same case 
to produce the initial charge. A medern Holtz machine is made up 


It 1s customary now 


, of revolving and stationary plates, usually placed 
in # Series upon the same axle, and turned by an electric or water motor. 
In the (ARP ATn only aik single couple 1s represented. The stationary 
glass plate is in two separate portions, a, b, c, d, and e, f, ¢, A, which 
are secured to the wooden case of the machine by wooden and hard- 
rubber clamps which completely insulate them. They ilo not Mente 


cot Seyers| COM Des 
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other part of the machine. The field-plates are 


a 
paper With & tiatl-circle of sheet metal covering 
i 7] : Ets 7 
and turning over the edge of the elass at the 
b LThe elyss-plate IPSC Meets the heli-ninte lhe 
a . = 7 ee = 2 1 : > : 
nt of the divided stationary clase plate. and 


‘ reper ui bie 1 iy Pk i 4 1 k = ee Ee 
. sk my Be 2G i oy: | Das © a udp} it Coe it Th" 


3 = SS 
gees Fe hep a: 1: =, 
pr” yeaa 


= 
= 
a =a 


F ig. o* — The Holtz machine. 


face, There is nothing between the revolving and the stationary 
plates except the charging rod leading trom the Toepler machine oO 
ne held-plate of one of the stationary plates. Phas Is not present 
‘xept in the first couple of the Holtz machine. The neutralizing 
combs project in front of the revolving plate at the places, top and 
bottom, where the revolving glass is just leaving the influence of the 
h The collecting combs from the prime conductors i 
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front of the revolving plate aut places, at either side, 


and JV propect im : ; A 
where the revolving glass has just entered the influence of the field- 


plates, near the edge of the metal semicircles. There 1s no connection 


between the revolving plate and the stationary plate with its field- 
plate. There i re rhe i it | Jler | P c : = 1 

the revolving plate to the field-plates, but this Is accomplished by « 
the metallic semicircle connected with each held-plate- Che revolving 
Mate being of glass, is itself a non-conductor, and 1s made still more 
its front or back surface. At a certain stage any one portion of the 
revolving class plate may have 2 positive charge, which it has received 
and a negative charge induced in it by the field-plate. This par 


‘ine brushes to carrv the free charge on 
convective discharge or effluve between the revolving glass plate and 
s0 by a varnish of shellac: and nothing whatever touches or rubs over 
by a convective discharge from the combs of the prime conductor 
ticular Part of the revolving | ace plate Tetains these two charges, 


a 


Fi uf Lie TF ui i t ‘ 


a! 


Th at i req a Py | C 
Fig. 29.—Prin init of the Holtz machine. 


bound upon its surfaces by mutual attraction, just as is the case in a 
dissected Leyden jar, where the positive and negative charges remain 
eee the flass after the outer and inner metal coats are removed. 
oie ase le 0 Loe revolving lass underfoes Various 
if it Soe ee 2¥ induction and by convective discharges, just a5 
elke : eeciealhe sey soos irom every other part of the 
aia ite shellaced es , ea: : ae 1S SOM araterd HS long rrr the glass 
these conditions are nat 5 are tree Irom dust and moisture. When 
a feck! rae MS are not fulfilled, the Foltz machine will rroduce only 
ri | “Wh, See: and perhaps none at all. | . aoe 

hen a multiple nlat : , 
reverse Solace Biotin Pipledastes ar “s charged, it will not 

= mt a. La if a7 TCM oF a 

separated several inches. When the atmosphere ing eee che 
machine has considerable moisture in it. the i; as de OF & ine tz 
the sliding rods are brought in contact. _ We POArILY may reverse if 


" (| When a Holtz shi nses 
ar 1a 1 P uJ ] = * | i Mis 3 
its charge, then upon recharging it, the Polarity may be re sea ger 
4 ‘h | om. x iS to + ia aq , BL 
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to the fact that the polarity of the charging machine has 
The Holtz machine itself will 


not reverse polarity as long 


ins the onginal charge. 
be noted that while we speak quite definitely about the 
- : fcr si 


1 an influence machine generates electric charges. the 
a purely speculative one, and the facts, if they could he 
mictit Wiary considerably IPom our conception cyt them. That 


improvements, is 


, nc = mfuence machine. PVE Tt hi the latest 
tive and sometimes the 


started up, one pole will sometimes be the pos 
negative If Very curious. 
inv of the influence machines may be made with plates of other 
aterial than glass; hard rubber has many desirable features: it ai 
not attract moisture, and i not so heavy OF 80 Apt to hresak under 
the strain of an excessive speed of rotation as glass. On the other 


Fiz. 30.—Baker paper disk static machine, type B. 


hand, it undergoes a slow process of degeneration, and is also liable to 


warp and lose its perfectly flat shape. Mica plates are made of mica 
split in infinitesimally thin pieces, mixed with powdered shellac cr a 
Bil 


lar substance. and subjected to an enormous pressure while heated 


oO the proper decree. Machines with mica plates work excellently, 
and while one would suppose that the plates would disintegrate m 
time, the manufacturers say that they have never had a plate returned 
to them in this condition. | = 

The Paper Disk Static Machine (Fig. 30).—The static machine 
made by the Baker Electric Company 1 a Toepler machine, and 18 
inclosed in a glass case, but usually does not require calcrum eblorid 
inside the case to absorb moisture. ; 

A suitable machine for z-ray work 1s known as an eight-plate 
machine, having four revolving paper disks and four stationary glass 
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a" % = et 2 -_ : + or hire 
plates. The plates make 2000 revolutions a minute, 2 tWO hares 
power engine or motor bemg required to run thie me ine. ‘Saat 
radiographs of the foot can be roacke® Im Six Sconces, mie of the ene 


Excellent 


in thirty seconds. : 

Each paper disk is made of about 24 full-sized sheets of bond 
naper. costed with shellac and other gums, to harden the ste, 
for the latter does not harden unless exposed to the air. The whole 
mass is compressec between hot metal plates and then allowed Lau 
cool slowly while under pressure. The result is a disk about 4 inch 
thick. which is practically unbre:kable. It sounds hke a piece ol 
iron when struck by metal. Moisture has less tendency to condense 

it than upon glass, and the plate will stand the strain of 2000 
volutions a minute, while the normal rate with revolving glass 
6 350 revolutions a minute. | 
The revolutions being five or six times as rapid, the discharge 1s 
more nearly continuous than from a glass plate machine. It is 
twenty times as nearly continuous as the discharge from an induction 
eol. The discharge from a powerful paper disk static machine 
throuch an z-ravy tube is, therefore, more nearly continuous, and the 
heating effect on the anticathode 1s very great. Some tubes will 


transmit 18 milliamperes of this current, but after about thirty 
seconds it is found that the vacuum has dropped to such a degree 
that the z-ray generated has no penetration. Generally speaking. 
the tubes which will stand the discharge for half an hour or so give 
excellent fluoroscopic images, but make poor pictures; while the best 
radiographs are sometimes made by tubes which wili stand the 
current for hardly thirty seconds without breaking down. ; 

The breaking down is attributed to the fact that the platinum 1s 
usually cemented or welded to the surface of the mass of copper 
provided for heat radiation. The cement in one case, or the flux 
used in the other case, gives out gas when heated and lowers the 
degree of vacuum. 

Tubes have been made with an anticathode in which the copper 
backing is deposited on the platinum by electrolysis; the platmmum 
is copper-plated. This does away with the evolution of gas from the 
cause just mentioned. 

Another characteristic of the discharge is its comparative freedom 
from snapping. This is seen in the fine zigzag sparks which pass 
between the prime conductors of a static machine when they are 
separated beyond the range of actual white sparks. With most rlass 
plate static machines there is considerable of this effect interfering 
with the efluve or simple violet luminosity. This snapping is a sort 
of condenser discharge, and depends upon the amount of metal 
surface in the construction of the machine. The paper disk static 
machine may be made to give no snapping at a distance of over three 
inches, while it gives an effluve or mass of violet luminosity twenty- 
two inches long. By suspending a number of separate sheets of 
tin-foil from the prime conductors, however, the snapping at once 
takes place. 

Still, all composite plates are subject to some deterioration, owing 
to the action of the nitrous and nitric acid gases which are generated 
itt i Static Mm she Lire, Another objection to 4 composite plate 18 that 
it 1s practically impossible to obtain a nearly uniform resistance, go 
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eheat when static machines are made having more than two revolving 
tee. and having them made of a composite material, they may 
aaa hr prove unsautisiactory, owime to the fact that the revolving 
ree are liable to perforate. : 


The Size of Static Machines.—for ordinary therapeutic uses a 


‘ine with eight or ten revolving plates thirty or thirty-two 

. hes in diameter, and making 300 revolutions a minute. is sufficient. 
+ 4 machine will also light up an z-ray tube so as to make possible 
juoroscopic examination of the extremities, “or a radiograph of the 


e narts and the chest (either a much larger static machine or a 
mer is required for practical x-ray work). Static machines 
made with revolving glass plates weighing a ton in the 

and have given beautiful results with an z-ray tube, A 
machine with sixteen revolving plates thirty inches in diameter 
sowertul enough for all practical purposes. [his should be furnished 

a half-horse-power Motor. | 

Pole Changer.—The polarity of a stat ic machine cannot be volun- 
sarily changed, but, especially for z-ray work, 1 15 often convenient 
fo use a pole-changer—a jointed hard-rubber rod by means of which- 
-he connection of two wires with the two poles of the machine may 

e changed by simply reversing the position of the rod. 

The Care of the Static Machine.—The modern influence machine 
cives a wonderfully steady output when mn good order,—much more 
‘orm than the current from the best induction coil,—but it 

- sensitive to atmospheric and other conditions, affecting the 

ation of the surfaces of the plates. The machine should be 
‘completely inclosed in glass and wood, and this case should be air- 


Por 


4 
fares 9 


cht. The room in which the machine is kept ought to be a dry one, 
and one on the second floor is sure to be better than one in the base- 
ment. If the ease has to be opened for repairs, this had better be 
done on a clear dry day, and it should be left open as short a time as 
practicable. 
The moisture in the air inside of the case has a tendency to collect 
1 the glass plates, and with it also the atmospheric dust and the 
lic dust from the machinery itself. This deposit may cause 
such a lack of insulation that the machine will produce little or no 
discharge. Several different ways of preventing this have been 
suggested, the best being by the use of calcium chlorid, a powerful 
absorbent of moisture. A generous quantity of this should be used. 
In 4 case measuring 2x 3x4 feet, and containing a six-plate static 
machine. two pounds of dry ealeium chlorid should be placed EEL deep 
open vessels. As time passes this changes from a powdery white 
mass to a dirty slush or melting snow appearance. After it has become 
completely saturated with moisture, of course, Its usefulness 15 at an 
end. It may be regenerated by drying in a hot oven, or It may be 
replaced by fresh material. Needless to add, if the calcium ehlorid 
is bought in quantities, it must be kept in sealed tins or glass until 
used. A larger quantity will be needed for a larger machine. ce 
handful of calcium chlorid in a shallow saucer is quite inadequate 
to the purpose. It is very important to reduce the amount of dust 
produced ina machine to a minimum. The use of aluminum inst vac 
of brass or iron for the parts of the machine mside the case 15 to be 
recommended wherever practicable. Aluminum does not oxidize 
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or produce much metallic dust. With a properly constructed case 
and machine and with an occasional renewal of the proper amount 
of ecalerum chlorid a static machine should run for two‘or three years 
without anv further attention. At the end of that time it may 
well require very complete overhauling. The inevitable deposit: of 
metallic dust will have to be washed off of the plates and all the other 
interior parts of the machine, with a light additional coat of shellac 
applied to the glass surfaces. Sa : } 
Another method of dealing with the subject of moisture is to 
have a eas or other fame so arranged as to carry a current of hot air 
and products of combustion into the case. This 1s a step in the wrong 
direction. .Hot air will carry more moisture than cold, and watery 
vapor is one of the products of combustion when gas or any of the 
ordinary iluminants are burned. The proof of this 1s readily seen on 
any very cold dav, when the windows of a room in which a number 
of gas-jets are burning will be covered with moisture, while those in a 
room in which the gas has not been burning will be free from it. With 
a static machine benefit might be obtained from heat if the air were 
‘heated, but kept separate from the products of combustion. 

This ean be easily done by placing one or two 32 candle-power 
electric lamps inside of the glass case, with a switch on the outside, so 
that they can be turned on or off as required. | 

In a very damp, warm climate, a static machine may be thoroughly 
dried in fifteen minutes by means of compressed hot aur. Inside the case 
of the machine at one end have an electric toaster supplied with the rezu- 
lar electric light current. At the other end pump in compressed air at a 
pressure of about 25 pounds to the square inch. This can be done every 
day if necessary.’ : | 

Another method is to keep from 20 to 100 pounds of unslaked 
lime inside the case of a static machine. This works excellently as 
an absorbent of atmospheric moisture. The lime must be wrapped 
up in two thicknesses of cloth, to prevent particles from fying all 
over the interior of the machine. “4 

In an emergency, for a single session, a freezing mixture of ice and 
salt in deep glass or earthenware vessels, such as half a dozen preserve 
jars, placed inside the case, will cause the moisture to condense upon 
the glass vessels, and thus free the machine from moisture. If glass 
jars are used to put the ice and salt mixture in, it is always well to 
place them in saucers or plates, so that the first condensation will be 
taken care of without wetting the bottom of the case. This will 
often save the day, but not always. 

From the fact that so many ways are recommended for dealing 
with the subject of moisture, it will be gathered that a stat le machine 
is aN uncertain quantity. Under unfavorable conditions it will not 
run well more than half the time throughout the summer. This ts 
one reason why the static machine has been to a great extent aban- 
doned as a source of electricity for the z-ray. There ts good reason 
to believe, however, that a properly constructed static machine, 
properly taken care of, will work regardless of environment. Such 
a machine at a hospital in Boston is in a basement only a few feet 
from the sea-water, and still works perfectly. 

The condition of the atmosphere outside of the case of the static 

ic, A. Weiss, M. D., Jour. of Advanced Therapeutics, October, 1912, p. 417. 
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machine has. of course, much to «do with the concdition rie the sir m= 
side, for no case Can be hermet ically Sealed, hut the conclition of the 
‘« af the room has also an effect upon the efficiency of the applica 
tion of the charge after it bas been renerated by the machine. If the 
is very damp, it ceases to be a good insulator, and much of the 
harge leaks away from the prime conductors hy a convective dis. 
harge. The wleal room would be One through which the refrigerating 
pe ran in summer, reducing the temperature of the air to between 
and 70° F., and causing much of its contained moisture to con- 
nyse as a thick layer of white frost upon the eold pipes. 
All exposed metallic parts should be round and polished and kept 
Metallic points or particles of dust would dissipate the chare 
onvection. Wherever any metallic parts of the spines core 
nduct t lectricity pass through the case, they shouled not Come mm con- 
with wood, but should be msulated by hard rubber. W hile rood 
. Teor conductor of electricity, the extremely high voltare possessed 
] y Static electricity requires the most periect possible insulation. | 
Staring an Influence Machine.—In starting a Holtz machine 
provided with an auxillary Wimshurst or Toepler machine. the dis- 
arging rods should be an inch or two apart, and after the motor has 
‘on turned on and the glass plates have bezun to revolve, the Toepler 
machine should be given a few turns by hand. Soon a series of sparks 


lil begin to pass across between the discharging rods of the Holtz 

After this the Holtz machine may be allowed to run alone. 
t may happen that the Holtz machine retains its charge from the last 
time it was used, and in that case it is not necessary to give the 


iacnine. 


preliminary turns to the Wimshurst or Toepler machine. Ii the 
Holtz machine refuses to produce a discharge in hot or damp weather, 
the dificulty may often be overcome by disconnecting the machine 
from the ground or from the platform—in other words, removing any 
) of conducting away the discharge. The maximum efficiency 
an influence machine can never be obtained without a certain 
external resistance, and this is most effectively provided by making 
it necessary for the discharge to take place across an alr-gap. With 
the discharging rods together, of course, there is no external resistance 
at all, and with the patient directly or indirectly connected with the 
machine, the electricity finds so ready an escape by conduction and 
convection that the external resistance becomes very much less than 
it would be if a charge eoulcl escape only from the bare discharging 
rods separated by an air-gap. If, then, the connections are all — 
for the treatment of a patient and the apparatus refuses to develop 
a charge, the difficulty may often be overcome by disconnecting the 
conductors leading from the static machine, sith separahne sr 
discharging rods about aninch. The necessity for a sufficient ae 
resistance in order to obtain the maximum discharge is the Teason 
that spark-gans often have to be placed in the circuit with an 2-ray 
tube excited by a static machine. eae eee ants 
Accessory Apparatus for Treatment by Static Hiectricity.— 1 
insulated platform should be of wood, measuring about erie: kent 
feet. and with glass legs about nine inches high, which should e | ee 
iree from dust and moisture, either of which would Peabo 2 
insulating qualities. The plat form should not be in contact eae 
other object, and not near enough to anything else to lose part of the 


r 
MM 
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electric charge by convection or a brush discharge to neighboring 
objects. <A eonnection is generally made from one pole of a StAtIC 
machine by means of a shepherd's crook, a brass rod five feet Long, 
which hooks over a prime conductor and rests upon the plattorm. 
A square piece of sheet metal an eighth of an inch thick lies upon the 
platform, and the shepherd's crook may rest upon this or upon the 
wood, at a variable distance from the patient’s chair (Fig. 31). (ne 
leg of the chair may rest pam the metal, or they may all be at a varis- 
ble distance from the metal plate.- Then, again, the patients feet 
may Test upon the wooden platform Ab 3 variable distance from the 
metal plate, or they may rest upon the Istter, These different 

at i a charge recetrved by the patient 


= 
J 


combinations regulate the strength oi 


upon the platform, by varying the resistance through which 


a 

4 ff cost 
SELL ea bil 
t 


the charge must pass to reach him 


» crown is a ring of brass about cleven inches in diameter, with 
4 5¢ of points projecting downward. It is extended above the 
atient’s head by a brass rod attached to the woodwork of the top 
of the case of the machine, and its height is adjustable. lt mav be 
connected with the pole which is not connected with the insulated 


platform, or it may be grounded. Hrass chains are used for making 


these and various other connections between the static machine and 


its accessory apparatus. 


——— > = — 


Fig. 31.—The static head breeze. [rect method. 


| Leyden /ars of different. sizes are arranged to bee hune from the 
poles of the machine, or are placed upon a shelf at the front of the 
Cast, 80 arranged that two Levden jars rest upon it. If the Levden 
Jar spark is desired, the outside coatings of the two jars, are connected 
nd ens OF & separate rod; or some machines are so constructed that 
this rod is mounted under the shelf in the form of a lever. When this 
Tange ment 8 used, there is a label marked ‘“‘sparks”’ so placed that 
when the handle IS in a line with it, the rod underneath connects the 
Sutside coatings of the two jare. If the Leyden jar spark im not 
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di sr. it 1&8 always best to remove the Leven }ars from connection 
with the pole mreces of the static. This is advisable for two reasons: 
caret. that when they are connected, even thou » eon 
are not connected, still the Leyden jars impart a 
the current administered to the patient, which is 
iesirable: second, when the jars are left 


gh the outside coatings 
sharp quality to 
usually very un- 


; in connection, it 
hat, inadvertently, they may become connected sn 


= 
sie Pit 
I 


IS Por 
that the 


Fig. 32.—Static electrodes: 1, Wood paint: 2, wood ball; 3, uae sreageen, 
carbon Point; 3, brass point; 6, brass ball; 7, brass brush; §, chain-holder; 9, th a 


» EE Spe 


atient would receive the discharge from the two jars, which would 
ive a very violent shock. As this is absolutely avoided by having 

| removed, it is to be recommended. | i 

A set of electrodes (Fig. 32) have insulated wooden or hard-rubber 
andles, and a metal ring for the attachment of a chain conducting 
the charge to or from the electrode. These electrodes terminate in 
different ways—one has a metal point, another has about 20 parallel 
pointed brass rods; another has a gas-carbon extremity, another has 
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a twoinch brass ball; another a two-inch wooden ball; another has 
a brass roller. There are two sponge electrodes with heavily insulated 
handles and a pointed wooden electrode. 

A chain holder with an insulated handle is of brass, In which 4 
single open turn has been made, so that it can easily be hooked around 
the chain leading to the electrode. I enables the operator to keep the 
chain from contact with the patient or any other object, and so prevents 
shock or loss of clectricity. 

A concentrator (Fig. 33) is a brass rod mounted on a metal tripod, 
and so arranged that its pointed extremity may be directed toward any 
part of the patient. A chain leads to 1t from one pole of the machine 
or from the ground. 

One way of measuring the voltage of a static machine is by noting 
the length of a spark which will pass between the discharging rods 
while the machine is not connected with any other object. The 
distance across which a spark or disruptive discharge will take place 
through the air depends on the voltage or electric tension, and also 
upon the nature of the discharging surfaces. A spark 8 mm., or 
one-third of an inch, long between polished metal balls 3 cm., or 
one and one-quarter inches in diameter, represents a tension of about 
29,000 volts. Other estimates covering a variety of conditvons vary 
from 10.000 to 35,000 volts per inch of spark length. This has 

reference to the spark which passes completely across with a clear 
loud sound, and not to the brush discharge, which is seen when the 
poles are very far apart, and which 
is visible as a complete bridge over 
the gap only when the room is 
darkened. Without the Leyden 
jars there is perhaps not 4 very 
sharp line in the case of static elec- 
tricity between the true disruptive 
discharge and the convective dis- 
charge, but with the Leyden jars 
and a rod connecting their outer 
coats, there is no mistaking the 
disruptive discharge or true sparks 
for anything else. However, it is 
the discharge from the bare poles 
which it is important to measure, 
and which indicates the voltage or 
the difference in potential between 
the poles. The voltage produced by 
a static machine can never greatly 
exceed that represented by a 
spark-gap of half the diameter of 
the revolving plates, or the distance 
between the nearest charged metal- 
lic parts—usually the discharging 
rods of the machine. This is especially true of small machines having 
two revolving plates. A machine was exhibited in Washington which 
had sixteen revolving glass plates, thirty-two inches in diameter, 
and a speed of five hundred and fifty revolutions a minute, developing 
i spark over nineteen inches long. In the winter time we frequently 


Fig. 33.—A concentrator. 
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have machines having ten or twelve revolving glass plates thirty-two 
‘inches in diameter, that will give a spark seventeen to seventeen and 
onmhalf inches long. More than that, the statement refers only to 
the Holtz type of machine. The Toepler-Holtz type, which i the 
tyre used by the mica plate, Betz, and other Chicago manufacturers, 
will, as a rule, develop a spark one-third the diameter of the revolving 
niate. No matter how efficient a static machine may be, the voltage 
‘s limited as above, just as the pressure in a steam-boiler is limited hy 
the safety-valve. The hottest fre cannot produce a greater pressure 
n is required to raise the safety-valve. With the static machine, 
here is a tendency to produce a higher voltage or pressure, the 
resistance of the intervening air-gap 15 overcome, and a discharge 
rakes place, limiting the voltage to the specified amount. In applying 
ricitw produced by a static machine the voltage can be regulated 
the speed at which the revolving plates are rotated. 
The Tension of Static Machines.—The discharging distance between 
. metallic spheres 1 em.in diameter ts different for varying tensions. 


Distance iit THE Two Dh FFEHE.NIE. 
SPHERES. OF PoTeENTIAL. 
L_ ENTIMETERS. INCHES. VOLTS. 


0.1 Oe 4 So) 
0.2 16,590 
25,440 

og) 540 

ov L chee) 

37,200 

4, OUR) 

: av, LOD) 

15.0 Tall 61,500 

The above table is compiled from Joubert’s “' Traite d’Electricité.” 

When one pole of a static machine is grounded and the other 
insulated, the potential of the latter rises to twice the figure it had 
when both poles were insulated. The pole that 1s grounded has a 
potential of zero, and the other has its potential doubled, so that the 
original difference in potential is maintamed. . 

The Efficiency of Static Machines.—A test of a Holtz machine has 
been made by Professor Samuel Sheldon, of Brooklyn, New York, 
in which the efficiency was shown to be more than 30 per cent. The 
static machine was run by a one-quarter horse-power electric motor, 
<0 that the power applied was accurately known. The poles of this 
static machine were connected with the poles of another static machine 
which was not provided with a motor. The discharge of static elec- 
tricity through the second static machine caused its glass plates to 
revolve rapidly in a contrary direction, and the power thus generated 
was measured by means of the brake resistance which it would over- 
come. 

The Output of Static Machines.—The output of a static machine 
is the quantity of electricity which the sparks carry across between 
the two balls in a second. It varies according to the efheiency ol the 
machine, between gin and jty or more of a coulomb. This 8 equiva- 
lent to a current of from J, to 1 or more millamperes. i an 

Lane's botile for measuring the output of a static machine pives 
the output in microcoulombs per second, which is equal to milliam- 
peres. The calculation is based upon the capacity C (in microfarads) 
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of the Levden tar (Lane's bottle), the potential VY in volts required to 
spark across the air-gap of the Lane’s bottle, and N, the number of 
sparks per second. The output D in microcoulombs per second 16 
given by the formula— 

D=NVC. 


The distinction between quantity and potential or voltage is illustrated 
by the steam engine. In the bowler the Pressure 18 50 Tany pounds to 
the square inch, without reference to the size of the boiler or the amount 
of water converted Into steam In a certain time: the last two elements. 
without regard to pressure, convey the idea of quantity. A static 
machine with sixteen revolving plates will generate a much ereater 
quantity of electricity than one with only four revolving plates, and so 
will a machine revolving at a higher rate of speed than another, but if 
the plates are of the same diameter and the construction and insulation 
are equally perfect, the voltage produced will be the same. A machine 
with a greater number of plates and a more rapid rate of revolution 
will produce a better effect by maintaining a more constant supply of 
electricity at a certam potential, making up in this way for the constant 
losses by convection and conduction. The quantity of static electricity 
In a charged body may be measured by the repulsion it produces up mn 
a similarly charged body, or its attraction for one oppositely charged. 
The force exerted varies directly as the charge and 
inversely as the square of the distance, but the 
latter fact is only exactly true between points 
and not between extensive surfaces. 

Coulomb’s torsion balance (Fig. 34) consists 
of a glass case containing two metallic squares, 
one fixed and one fastened to a rod suspended 
horizontally by a wire; both metal squares are 
simuarly and equally charged. and the insulated 
handle at the top of the suspension wire must 

Fic. 34.—Coulomb’s tor. © turned a certain distance in a direction op- 

sion balanase: posed to the force of repulsion in order to bring 
| the horizontal rod into the standard position. 
From the amount of torsion or twisting of the wire can be calculated 
the amount of electricity. i 

The quadrant electrometer is so called because the repelling surfaces 
are quadrants or quarters of a circle. These deflect an aluminum needle 
suspended by a fine wire, and the degree of deflection is seen by the 
motion of a murre r observed through a telescope. 

For use in measuring the dosage of static electricity a piece of sheet 
metal about an inch square is applied to a given part of the patient by 
means OF an insulated handle. It receives a charge proportional to 
the density ot the charge at that part of the patient, and this is carried 
with as little loss as possible to the electrometer. The carrier is placed 
on a metal Platform projecting from the top of a glass case, and com- 
municating by means of a metal rod with the electrometer vanes inside 
the apparatus, 

‘sen ee of Static Machines.—Fig. 35 shows the general 

an tt Of a static machine with a Leyden jar hanging from each 
pole, and & brass rod connecting the outer coats of the Levden jars 
Chis arrangernent gives the most powerful sparks, and in the experiment 














Fig. 35.—tatic machine and Leviden jars : 
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pAssIng across at the rate of about 
was taken with an eX POSuUre of fifteen seconds, 
lt will be noted that the sparks tro 
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all these different Sparks. 


i practically in a single straight line, and 


positive pole start of Eee : 
it a distance of about an inch from the terminal, so that 


divergent a | ary, ge ie 
this picture of a number of successive Ss] Marks reproduces Che TAMMILAr 
fox-tail appearance of the brush discharge, which takes place irom the 
positive terminal when the Leyden jars are not used Even then, 
perhaps, the fox-tail appearance 1s due to a very rapid succession of 
single sparks following the paths indicated in the present picture. It 
looks. however, like a simultaneous group of sparks. The positive 
terminal shows a number of little green stars on the surface of the metal, 
anc the discharging Spot may be displaced hy rt | hit ot wood hike 4 match. 
The negative end of the succession of sparks shown in the picture leaves 


the terminal from quite a wide distmbution, Just as was the case in the 


Fig. 37.—Sparks from statie machine with suspended Levden jars. 


negative breeze about the Leyden jars. The negative terminal shows a 
pure violet, with only once in a while a white spark right on the surface 
of the metal. At the lower left-hand corner of the pict ure are seen the 
two open dishes of pure calcium chlorid. Each of these contains a 
pound, and the machine has never failed to work, winter or summer. 
Phe broad white sector is one of the field-plates on the foremost of the 
stationary plates. 
__ Fig. 37 again shows the distribution of a succession of sparks, the 
left-hand end being the negative and the right the positive terminal 
of 4 static machine. The distance was Six Inches, snc 4 mnected Levden 
jars were used. All the sparks are united in a single trunk at the 
Positive pole. 


“OME PRACTICAL ELECTRIC UNITS 


For electric measurements the fundamental units are the cenfimeler 
for length, the gram, for mass, and the second. for time: these for 
the ©. G. 8. (centimeter. CTA, second) system. 

An ohm is the rmsistance to the passage of elect ricity offered 
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section, at a temperature of 0° GC.” It is about the resistance of 
le of copper trolley wire or of a single foot of No. 40 (American 
ige} copper wite. Tron has about six and one-half times the Sty 
< Ol copper. aL 
An ampere is the unit of electric current. i decomposes 0.000045 
un of water per second. It will deposit 0.001118 gram of silver per 
nd in an electroplating cell. A milliampere is 9 thousandth of an 
pene. 
\ coulomb is the unit of electric quantity: it is the amount of 
lectricity carried by a current of 1 ampere in a second, 
A volt ts the unit of potential; it is the electromotive force which 
fee of I ampere in a conductor whose resistance 
-lohm. A standard Daniell cell produces about 6 per cent. more than 
A farad is the unit of electric capacity. It is the capacity defined 
"the condition that 1 eoulomb charges it to the potential of a volt: 
. microfarad is a mullionth of a farad. These latter measurements 
re somewhat analogous to the bushel and quart and cubic foot of 
inary measurements. A.condenser which is of 4 capacity of one 
int of & microfarad must contain 1200 square inches of tin-foil, and 
require one-third of a millionth part of a coulomb to charge it to a 
tential of one volt. 
A condenser of one-half microfarad capacity, as required for a half- 
‘h induction coil, forms a block of tin-foil and paraflined paper about 
nalf inch thick, and four and one-half inches wide, by six inches 


F lupeviti nt mercury LOG, centimeters high andl | aQUATE millimeter in 


Other Measurements of Sta‘ic Electricity.—A MeCsSuUTeMent of 
‘tate electricity by the electrometer indicating attraction or repulsion 
- really a test of 1ts tension or voltage, rather than of its quantity or 

merage. ‘The latter is exceedingly small, but it is perfectly possible 
" Inéasure it. For example, a number of discharges from a 
Leyden jar of a certain size will decompose a very small amount 

‘water, and the result in hydrogen and oxygen gases can be measured. 
‘nother example is seen in the test which the author applies for deter- 
‘ning which is the positive and which is the negative pole of a static 
machine In operation. F 

The pole detector is a sealed glass tube with leading-in wires of plati- 
Hum, and nearly full of some ltguid, such as a solution of lodin in water 
‘nd lodid of potassium, which becomes colored at the negative pole when 
‘he liquid is decomposed by the passage of an electric current. Even with 
‘ Stutte machine the discoloration is distinctly visible, and serves as 
4 reliable test of polarity, but both of these tests for quantity indicate 
such an excecdingly minute amount of chemic change that the thera- 
beutic effect of statie electricity is evidently not dependent upon an 
electrolytic action upon the tissues or fluids of the body, that ears as 
“= Wil be subsequently seen in a subatomic relation. This would not 
be discoverable by the ordinary means of chemic analysis. noes 

_ Nevertheless, as applied to machines having eight or more revolving 

ites the polarity of the static current has a most decided effect inh the 
ireatiment of certain forms of headache. One pole over the head will 
increase the headache, while reversing and putting the other pole over 
the head will relieye the headache. In using static electricity for its 
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irritant effect we always make the electrode negative, and the 
the effect is easily noticed by the patient. When the 


COUT 
difference im a] a 7 r a a P 4 r —_ 
cvectende ia negative, it feels like a stream of fine sand striking againat 
P| & i i J BA ses lh : ~ . Fp Fe 1 a Z x r) 
whereas when the electrode 1s positive, tt feels like a coool 


the skin, ; 
breeze blowime. 5 i Ry 

Another form of treatment in which the ps lar effect 1s most marked 
7< what i¢ known as the ware current. Be ou will find that ma authors 
, most favorably about connecting the positive pole with the 
4 still further indication of the polar action 1s m the operation 


apenk 
patient. 
of an 2-Tray tube. 

4 d’Arsonval milliamperemeter, dependent upon the deflection of 
a suspended electromagnetic col, rrich be used to measure the amperage 
of a static discharge as apphed to excite an 2-Tay tube, and will perhaps 


‘ndieate the presence of from the fraction of a millampere to two or 
three or more milliamperes. A hot wire mulhamperemeter can also he 
made satisfactorily to record these very small currents. In the case ofa 
discontinuous discharge like that from a static machine, it is very doubt- 
ful. however, whether the nulliamperemeter mndicates the true amount 
of electricity which 1s being transferred, although 1t does so when it is 
used to messure a continuous current, like that from a voltaic battery. 

The amount of force required to rotate the glass plates in a static 

machine has to overcome two factors—the ordinary frictional resistance 
to the motion of that amount of glass, and, second, the resistance due 
to the attraction of the two forms of electricity for each other and the 
power required to separate them. In a crude experiment by the author 
a six-plate Holtz machine run by a one-twelith horse-power electric 
motor showed a speed of rotation 2 per cent. greater before the machine 
had been charged than afterward. In other words, about one-hftieth 
of the power was apparent!y consumed in the actual separation of the 
electricity into positive and negative charges. It is an established 
fact that the amount of power is the same whether in the form of 
mechanic motion or of electricity, so that in the case of the static 
machine all but about 30 per cent. of the power put into it is wasted. 
[his makes the static machine the least economic of all sources of 
electricity, and it has no industrial application at all. The other two 
Brest sources of electricitv—chemic action and electromagnetic mduc- 
Clon COnVert a preatly vaster percentage of the power consumed into 
electricity, and where high voltages are necessary, these may be obtained 
with practically no loss by means of coils and other converters which 
modify the electricity from these sources. 

Voltage or potential or electromotive force is the force which tends 
to cause electricity to pass between two points so as to cause 4 union 
Cri their charges, Positive hata negative, pre eine f! complete or partial 
neutralization. In the case of static electricity, voltage is chiefly of 
ae eeaice in determining the distance across which a charge will 
Hash in the ODEn air, or the Way in which it will pass through the partial 
vacuum of an z-ray tube. In the case of the lesser voltage and vastly 
Beater aniperage of dynamic electricity, voltage is chiefly of Importance 
in determining the quantity of electricity wahicely weil pass through a 
conductor having & certain Tesistanen. F . 
ie yep of the facts regarding voltage and amperage may be typified 
the rank gaa of water with a long pipe leading from it. When the 

the pipe is at the same level as that of the water in the 
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waervoir, there will be no flow in either dir «tion, amd the comcdition 18 
cal cous with that of an uncharged conductor. When the bag is 
eam the ground, the water will begin to flow through the tube 
ther end is open, or, if that 1S elos el, the Water will be under 
7 NPPSSUre. producing « tendency to Motion Wf an Opening were 
This | ‘condition Tepresents the Casc of dynamic electricity 
hye a battery or dvnamo, and causing a current of elec 
cont nection through a conductor 1s made between two 
are of cditterent pote! tial. OF a pressure 15 produced 
‘se 8 CUTrent lt A connection were made. As in the gor of 

the amount of electricity which will flow through the con- 

in a certain space of time depends upon the pressure and upon 
resistance. In the case of the water, the resistance is dependent 
nan the size. lengt th, and shape of the pipe through which it must 
DAS, WW hile with electric ‘ it de ‘Pent Ss LI On 1 the eize, len; pth _ ane material 
cf the conductor, and also Upon an In duel Lance which . if present, Mav 
impede oF augn ent the current. This matter of inductive resistance 
Is of v greatest importance in the construction of coils and 
ratus, and will be more fully discussed in another part of 


eh i i 


fy the usual conditions of static electmeity, the bag of 

have to be raised to an enormous height, and the column 

water would have to be very small in cross-section, and the tube 

_ uld have to be closed at the bottom. The water pressure under 

these conditions becomes perfectly overwhelming, and s powerful 

ef of 3 water sik | be thrown through even a small opening. If there 

opening at all, the water in the | pipe will be under great pressure, 

= have a tendency to escape through the s mallest kind of an 

or even to burst the pipe. A body charged with static elec- 

- and comp letiel ¥v insulated 1s in the condi tion of the water when 

is nO opening. If the voltage becomes too great, the electricity 

breaks through the resistance of the air and a discharge takes place. 

Lhis 1s somewhat as if the water-pipe had burst under the strain. In 

the case of Water the pressure is due to the height, independent of the 
quantity of water, the pressure at the bot tom being fifteen pounds on 

every Square inch of surface for { aot cht height, whether the 
MUOUNL Of Water at that height eh one salle or a mullion gallons. 
And if a single gallon of water is at a height of 340 feet, the bursting 
Pressure at the | bottom will be 150 pounds to the Square inch, exactly 
as would be the case if a million rallons were raised to the same height. 
Th Sea of work required to raise the larger amount to that height 
=e uld, of course, be proportionately greater, and so would the amount 
ol work performed by the greater quantity ? returning to the original 
. but the pressure would be the same. A be “ly ¢ -harged with static 

saree mille Sea mi to a very small quantity of water raised to 4 

e ie effect of its discharge is has almost entirely to 11s 


Le ae 0 hardly at all to the qui intity. rhe effect of a discharge 
aig i ey Ficit 


level 


' of extremely heh voltage and infinitesimal quantity 1S 
Swit the Same a3 the effect of a high-pressure Stresal of water 
a fe IT CE “pump WW Ti shing Cut Sani anal PTaAV pe] Prom *h hillside by its 


J ith 


from 


ae aoe force, but producing no appre wiahle action in dissolving the 
ae lenis of the sande ancl fravel. The effect or great quantity, even 
under small pressure, is exemplified by the caverns and pasges 
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e Mammoth Cave of Kentucky has been 
f water percolating through the 


with which the solid rock in the 
honeycombed by the solvent action 6 


ground. | : ¢ if, ; cart 
The condition of the opposite charges in a Leyden jar or ot her con 


denser is illustrated by that of water in a U-shaped tube. The water 
on either side is maintained at a high level by the pressure of the other 
eoalumn of water. and both columns will remain quiescent and at an 
equal level until either a large or a small opening is made at the bottom, 
allowing both to escape from the tube and mingle m a single mass at 
the natural or neutral level. A Levden jar so overcharged as spon- 
taneously to discharge is like such a U-shaped tube, m which water 
has been added to such a height that the walls of the tube have given 
away and the water has escaped, or a still better comparison is with 
two equal weights hung sat a great height by a cord fastened over a 
pulley: either one can be moved up or down as if not possessing any 
weight at all as long as it 15 balanced by the other weight. They 


= ea 


remain quiescent until the cord breaks, and then both fall to the ground 
with a crash. 


SOURCES OF HIGH ELECTROMOTIVE FORCE OR STIATIC ELEC- 
TRICITY 


Natural Sources.—Lighining is due to a very powerful discharge 
of static electricity. The charge is originally produced by the evapora- 
tion of sea-water. In a thunder-cloud thousands of droplets coalesce 
Into one, and this, with a smaller surface, has a higher potential or a 
more concentrated electric charge. This taking place all through the 
thunder-cloud results in such an increase in potential that a discharge 
to the eart h takes place. A lightning flash is quite analogous to the 
discharge of a Leyden jar. The charged thunder-cloud induces an 
opposite charge in the nearest objects on the earth; the atmosphere 
forms the dielectric, and corresponds to the glass of the Levden jar, 
while the thunder-cloud and the oppositely charzed bodies on the 
SUTIACEe OF the earth correspond to the two metal coatings of a Levden 
jar. The discharge is like a spark, sometimes as much as three miles 
long, and presents 300,000 oscillations a second. Its rending and 

=f | aft Ae ws TL | 1 : i + 
heating: E fet ts are well KTILOWT. Its effect upon human beings 
is described in another section of the book. 

- “ee ita eilal processes all produce electric charges and currents, and 
im i ic fa Ot the DOr DLO { Haid torpedo), elect ric el] june). and the 
Gectric fish (Stlurus edectricus). well-marked shocks can he oven st «i 

Pla pies a i rea electri (eB). well-marked Show BS CAL lift Pt en at Ww iI. 

7; RE bie iS SCCOM Panient by electric charges and currents. 

échante forces in nature, such as rain, wind, the splitting of rocks 
or Won, produce electric charges. 

; ee sornee ee the earth normally is negatively charged as compared 
nies Loe aur. Phe charge, however, is Very ama. being for the whole 
te shane 2 rie earth only five times the amount of electricity carried by 

r \y F j ae = a ee Ste ; F = — 
charge trom the surface of the earth to the air. 

Vormal Fonizatia i the Avr Cher the wth —'Mhic 
Semlacters an “8 een t the air Over the Farth.—T his amounts to the 
Thy ’ . MOU “a frOnsS Per cubic centimeter of ar per SCO nh! 

Cf DOS nce 1 a : : ’ ‘ , * j 

i prise nce of radium in the crust of the earth has much to do with the 
Poenomenon. 

Hain carries with it the earths Doge Bee 

“+ d ‘hi | ts to the Part hi TT electric charge of frees ter Or less 
magnitude which is more frequently positive than negative. 





STATIC ELECTRICITY 


falling upon an insulated metallic body instantly cives it an 
‘ic hi ar re. 
ern Le processes oO i osnesie in nature pry duce eleetric ch Lares 
Urrents. 

Sound will produce I gestae charges both directly and indireectls. 
An example of the Iatter is seen. in the ordinary telephone. : 

Artificial Sources. “Frictio n: Accidental: W alking along the floce: 
combing one's hair. Pussosstal: Rubbing amber, glass, hard rubber. 
cealini wee fur, wool or silk. Frictional electric machines. 

Electrostatic induction: Holtz, Toepler, Wimshurst machines. 

Contact of ‘ dissimilar metals (migration of tons). 

Afeat at junction of dissimilar metals and diff 
the circumference of a ting. Heating tourmalin. 

Electromagnelic trduction. 

Chemic action in the voltaic cell. 

(Mher Mechanic Methods.—Splitting a piece of mica. Pressure 
upon a erystal of tourmalin. Percussion. Shaking mercury in s 
Traciuum anaes 

rys talization of substances from their solutions. 

Widificalions of molten substances. 
lectricif ya Universal Attribute of Matter. All animate or inanimate 


erent points around 


ahd 


Fl 


matter is endowed with electricity, which requires only some exciting 
eause to make it manifest. 


THE PHYSICAL EFFECTS OF STATIC ELECIRICITY 
A thoroughly msulated body charged with either positive or 
free electricity—. ¢., unbound by any inductive influence 
repulsion of its component partic les, which is most perceptible 
if sareace In electrotherapeutics, for mstance, the patient's hair 
- stand out in every direction from the head. It has an attraction 
is oppositels y charged or neutral. It produces or mo difies 
arges in neighboring bodies by induction. It does not um dergo 
perceptible change in weight or pi ivsical or chemic propert ies. 
| in My which. like one coat of a Levden j: ir, POSSESSES a bound 


2 A 
harge of electricity, exhibits non e of the properties of a charged body 


MCeDE Al ALTA ‘ion tor the Opps sit rely charged GOAT. 
3. A body from which free electricity 1s discharging undergoes 
lar, atomic. or subatomic ¢ hs nfe=. 


cli Te Irrent apy wy cece of the i 
tively cha reed bowed ¥ have alt realy | een les scribed 


extremely rapid and complex molecu : 
he dis harge escapes either by convectl Lon, mductio i, OF 25 4 ops ark or 
uptive discharge. Particles of the bo “hy itself, even of solid metal, 
| way, and assist in carrying the electricity along the path 
stuptive discharge. and sometimes may be dist nguished b ¥ the 
characteristic color which different metals give to the sp: rk: passil ns 
between them. ips particles of metal are vapo rized and sigesie 
incandescent, sand m: av be recognized by the Spec ate SCO Pe. oe 
Li si harge at irom ib PoE Sv ely and ch nesi- 
(p. 26). When 4 
body is discharged, the repulsion of its particles suddenly ce: = at 
loose but still attached parts of the body which have heen s epre pale 
apart by mutual repulsion will fall together. ee L ae 
objects the best example of this is seen in the gold-leaf electroscoj 
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in therapeutics the patients hair is suddenly plastered down upon 


Trier re Laie choct iv f ciech ATeeS OM 


lal Liz: ath of ait i he I nee tle = ariel : arin t 


etutic electricity 13 seen in the 
th 


¢ polarity of a ahi DS compass 

eometimes ch Surigred in consequence of a ligh tning flash. No practical 
use 1s mace of t his effect of static electricity. 

A chemic change takes place in the charged body during a static 
discharge. This is sometimes more readily pe rceptible | In the air Or 
other medium tl rough which a cischarge tnukes pine. Delicate tests 
for chemic change, however, crit that changes occur even in a solid 


body when a discharge of electricity takes place from rt. In Fig. 38 


Le 


re eclluloid photographic | d ahah wr ape <j in two thicknesses ot licht-proof 


at oh, ee | 


_ me 

P * a 

— ee, Semel —_— a is 

a 


arc = : ; 5 
SL Sars eck ive discharge LL PMOr i Phaotegraphic fim i 
lieht PPP Lk Af ways iy? iS Taal 


t5.—E Hects of deru ptive 
paper was charged hy 


: attaching it to the negative pole of 
machine. he numerous small wh ite spots show the effect of the 
ee tive cisech: aree upon the sensitized surface, and the Jarre white 

Spot, the effect of the ‘disruptive (ischarge which occurred when ihe 
other pole was br ought near to it. As the film was wrapped in ¢ id ely 
hitting light- “pr oof en velopes, It is pro, ible that the effect Wis proc uced 
7" . ae rect chemic action. and not indirectly bv the light of the s Sar ks, 
fend of Phelan eth human siss wil be considered unr the 


The heating ett crt of the eT 
may be shov wo by the fusion of 


4 static 


hatic in hi arge Aa aes =e chi Be i pony 


al af 4 
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y metime 2 had the point of one of his finger-nails scorched by the 
eh dis charre. 


The finger in this case had been pointed at the 
is = CONnCENnLAtor. 


= i 


ond seted : 
ace [rom that part 
meVeET, the 


i 
7 mThae 
. ane he 


| 


CMUSIN the discharge to take 

cular part of the Pats rent. Generally 
* heating effect upon the discharging bod, 
Sparks may be applied through the clothes + wither ut danger 
injuring the fabrics. A succession of short. powerful sparks applied 
e will set fire to anything. The heating effewt ‘ig 
veriul diseh: irPes of static electric ty Are shown when 2 tiny black 
is burned in na sheet of paper held between the two discharging 

4 Static machi ne. with Leve Leth Jars connecter for Spark ett eet 

Is ALSO aS own When 3 Guilds 1l- Is set on hire | oy lightni Ing. 

Then, again, when a wooden clan ip with some metallic parts 15 use 
an 2-Tayv t pine, 8 =f} ark from one of the + WiTes may set fi re tO the word 
Light 15 aodneed by static discharges, and is sometimes seen u nom 
ene cna Pe il bodies as 4 rlow cise harge or a silent or ton ecLive ie. 
harge of a violet color, and when this occurs from single mont, ie 
hank is seen to vary with the ee inty of the charged body. If this 
Ls negative, the ce w has a globular APPeATAnce, Bs if the necative 
electricity were escaping into the air in oe directions; anc the glow 


dise Fy Arce Av a she sit hs ely c ha Tred Dvn iT he ae ranching or hru ah Appear- 
ance, not deviating much more fhan 45 derrees from the direction im 
which the point projects. The glow discharge is not strictly an effect 
: the discharging body, but upon the surrounding air. Solid 
particles in the arr become charged by contact with the charged body 
and are then repelled. ‘This discharge is seen as a violet light playing 
over the surface of the charged body when a concentrator of any kind 
is held in its neighborhood, but still 1.0t near enough to allow of a brush 
discharge or effluve. The difference between the two Varieties ts that 
the glow discharge ts silent, continuous, and uniform, and is visible only 
close to the surface of a discharging body, while a brush discharge or 
efiuve can be seen in the dark to fill up the space between the dis- 


rani 


harging bodies with a violet light, and is accompamed by intermittent 
sparks or fi: ashes or by sound. Both produce a breeze sens: tion upon 
thal human body, and both will take plac e through the ordinary clothing. 

A static discharge produces magnetic and electromagnetic effects 
ipon the discharging body, similar to those of dynamic electricity, 


in such small amounts as not to be of any importance im there- 


atic = 


speaking, 
liseli is very 


ite SEHD. of Course, 


i be 


f 


. The effect upon the air from a discharge of static electricity 
ch it has been partly indicated in the previous pages. The chemic 
:of importance. A portion of the oxygen is changed mto ozone, 
ind: another small part of the OXVPen LS made to combine with some of 
‘he nitroeen of the air. The odor that accompanies the discharge of 
ic electricity is produced by a combination of these two newly 
med compounds. On the assu mption that the ozone is of ban laa 
l in NPOortance, inhalers have been made (Fig. +9) in which 4 ave 
surrounds the spark gap and has two openings—one He rs 
dmission of air and the other lexcling to the patients moulin shine 
Ano strils. Two glass vacuum electrodes form 4 spark-gap free from 
injurious metallic fumes. The nitric acid which results from & poke nae 
charge through the alr 12 not of much Apparent ¥ alue in thera MELT ics, a 
it is of tremendous practical importance in another way. All cuinial “ull 
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most plant life requires nitrogen in an assimilable form, ie spent = 
them ean utilize the nitrogen so abundantly present im the atric on greet 
For all practical purposes the nitrogen 15 inert, and simpl} dilutes a 
oxygen which forms the most important part of the air as far as the daily 
life of plants and animals is concerned. Even the nitrogen which 1s 


absorbed and held in solution by rain-water and carried into the earth 1s 
not available for the nourishment of plants or animals. Where water 
power is abundant and cheap for the operation of dynamos, the high- 
tension currents produced by transformers may be passed through an 
gir-chamber. A multitude of points produce & preat many see hog hs 
spark paths, and a spray of water or of an alkaline solution absorbs 
the nitric acid. By this process ammonia or nitrates can be synthet- 
ically manufactured for fertilizers more cheaply than they can be 


Fig. 39.—Ozone generator for use with static machina 


obtained from natural sources. The static machine could be used in 
the same way, but its output is much smaller compared with the amount 
of work required to operate it. 

The air becomes condensed in front of the static discharge, and this 
produces heat with incandescence, and a sudden very great expansion 
of the air, followed by an equally sudden collapse on cooling. The 
sound of the spark is due to this cause. Heat, light, and sound are thus 
concomitant products of the passage of static electricity through the 
air in a disruptive discharge. The familiar experiment of lighting the 
gas by a apark from the finger-tip is an example of the heating effect 
of the static spark upon the air through which it passes. But the 
amount of heating of the air by a static discharge is so small that it has 
no practical importance; neither is the static discharge through the air 
employed for illumination, but both the light and sound of static dis- 
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charges have important therapeutic effects of a mental character. 
mPatic lischarges cause a clearing of the atmosphere by an 
rhe solid or liquid particles floating in it. 


vn effect upon 
These particles become 


chs ref with electricity, arucl Te then repelled from the rc eeras of 
aleetricity, and tend to collect upon an — 
lueting surface in the neighborhood. 
‘tical importance Im z-ray therapy. 


¥ non-conducting or poorly 
Lhe ws a Property of rreesyt 
! . , The <-TaAy tube. whether 
by a static machine or in any other way, is a source of static 
vy, and causes a deposit of particles of dust, and, of course. of 
af they are present, Upon ANY Surface near enouch to be affected 
its static induction. In exposing any ulcerated surface the possi- 
. of infection from this source must be considered. If necessary 
may be guarded against by the interposition of a thinsheet of aluminum 
r other substance transparent to the z-ray. 7 | 
The condensation of steam into drops of water, or the ' pulveriza- 
of steam, 18 & property especially of static electricity, and is not eo 
apt to occur under the influence of high-frequency discharges. ‘This is 
one of the features distinguishing the effluve or breeze from these two 


rp or 
eee ee 


A dielectric is an insulating medium which, when it separates two 
pposite charges of electricity, permits them to exert through it upon 
each other the attraction which 1s characteristic of condensers like 
the Leyden jar. Not all non-conductors are equally good dielectrics, 
but among the best are air, glass, shellac, sulphur, sutta-percha. insulat- 
oils, and a vacuum. Aside from the construction of condensers. 
subject of dielectrics 15 of Importance in determining the maternal 
to be used for insulating wires which are to carry different forms of 
electricity for various purposes. Tor all cases where ohmic resistance 
to the escape of the electricity through the covering of the wire 1s alone 
to be considered, gutta-percha forms an excellent insulating covering. 
This ohmic resistance is a name given to the resistance to the passage 
of electricity which corresponds to ordinary friction in the ease of 
mechanic motion, and by which the electricity is partly converted into 
heat. It is a different matter from the resistance due to an inductive 
action in the circuit itself, which tends not to cause electricity to be 
converted into heat, but to cause it to escape like something of a dis- 
ruptive discharge from the lateral walls of the conducting path. Where 
it comes to be a matter of a condenser action or of inductive resistance, 
as in the ease of high-frequeney currents, and the currents either from 
a coil or a static machine exciting an z-ray tube, other msulators not 
in the category of dielectrics are better. A thick layer of gutta-percha 
will not prevent the conducting wire from giving a shower of sparks 
if it is touched, or even if the hand is brought near to it, but a coating 
of paper or plaster-of-Paris of moderate thickness may be applied, and 
will permit the wires leading from an z-ray tube to be handled, or even 
to be touched together crossed, without any disagreeable spark. In this 
ease there is a slight brush discharge which does not break down the 
insulation of the wires. 


or 
1 
Wile 


METHODS OF THERAPEUTIC APPLICATION OF STATIC ELECTRICITY 


Some static machines are provided with two little shelves, upon which 
the Leyden jars may rest upon plates, which forma metallic connection 
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; _ Wa tare are to be used, a brass 

with t he exte ronal comnts « ff the jar=. When we oe hg to Lew po ot the 

a “at | the knob connected with the mm eer. Pes 

, | 12 rth h usted from the kno , : ay abate There 

5 fc the corresponding prime conductor of the statie mac . marked 

ars to THe Corl i ie SAA Te) ons, MArkec 
wn insulated handle which can he moved to various positions, ™ 

cS Su Bees - 


7 tt ean 2! ‘“nduced.” 
“S nark, hbrecze, or Th el __* +e & ae che 7 “itl= 
When this handle is turned to “spark,” 1f Moves a brass rod cc 


ecaled bencath the case of the machine Lo a position Ly ihe * neal 
hoth the metal plates upon which the Levclen jars sie £ sha hia 
=annection is thus made bet ween their external coats, just a oe Ms F 
ease when a separate brass rod is laid across them im other ma = a 
etatie machines. The tremendous detonating sparks obtained in 1 “s 
way are curiosities and might produce a psychic effect, but are rarel) 
artually applied to a patent. ae So on 

. NThe of SF ieee of the handle—“breeze” and “induced"—show 
races rod docs not form a connection with the Leyden 


that the outer | cE ae 
| with each brass plate is a binding screw, by which 


jars. ( onnectet 


conducting wires may be placed in connection with the outer coat of the 


Leyden jar. These conducting cords may lead to sponge or other elec- 
trodes for application to the patient or may be grounded. | 

When the handle is in the position marked “breeze,” there is also 
no connection made between the external coats of the two Leyden jars. 
But in this case the Levden jars may be dispensed with entirely, for if 
they are left in position they are not connected with the patient. A 
shepherd’s crook conducts the electric charge from one prime conductor 
to the insulated platform on which the patient sits, while a cham con- 
ducts the charge from the other prime conductor to the crown, or to some 
other effluver by which a breeze is applied to some portion of the patient. 

In other static machines the Leyden jars are simply suspended from 
the poles of the machine when required. 

Static Insulation or Static Bath or Franklinic Bath.—Fig. 40 illus- 
trates the mildest way. This is known as sfalic insulation or static bath. 


epee — 


oe 
Jlcer: 
Winer or 
Did ied 
ee far 
gre ere 


Fig. 40.—Statie insulation or static bath. 


The Insulated platform is connected with a brass rod, known as a 
shepherd's crook, to the positive pole of the static machine. The 
hegative pole is grounded by simply dropping a chain from it to the 
floor. some prefer to have a metal plate, which is connected by a wire 
to a water-pipe or gas-pipe, and if these are not convenient, then the 
Wire Is continued outside of the house and connected with a large metal 
plate placed 4 or 5 feet under ground. ri ; 
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Synopsis of Modes of applying static electricity in medicine." 


Electrostatic or franklinie bath, | E-lectropositive. 

c Det a, ee es i Rlectronegutive, 
Concentric iranklitizatvon i Plertropoasitive 
| 


(Breitung system). | Electronegative. 

{ Franklinie or static 
a ee undulatery direct 
Statice OF franklin sutoconduc- current. 
thon 


Lonrective , 
| Franklinic or static 
Undulatery induced 
|  eurrent. — 
a : er { Uniulatory- direct, 
eiatic of franklinie autoconden- | current 


sation. Undulatory induced 
l CUPrrenit. 


I 
Coho 


{ Morton's wave current or static 
or frunklinic undulatory induc- 
tive (1851) (hertzian frankhne 
zatvon ). 

Morton's modihed monopolar 
undulatery current | called nls 
Snow's wave current). 

Derived franklinie or static 
Indiead current (Sheldon) or 

___ derived Morton wave current. 

Werber’s modification of Mortou 
wave current (194). 

Indirect franklinie or static dis- 
charges br means of a detona- 
tor, and of water contained in a 
bath-tub, in which the entire 
boxy is plunged (general hy- 
drolranklinization). 


a 
AAT RP Lee 


Conductive 


ik 


Sparks applied by 


sas ae at a certain distance 
means of electrodes | FE 
| 


am the body. 

Applied directly on different 
rezions of the body covered 
by the clothing (electric maz 
sage). 


of metal, worl, or 
hard rubber; spheric 


or point ec. 


Aipreties. . 
Static or franklinic discharges by means of a spark-gap 
or throuch the intermediary of a spark-gap amd water 
in a tub. into which a hand, arm, or leg ic plunged (local 

| bydrofranklinization). ares 
c : ' Apphed , by With one [ For the head 
| means of an or more (Static head 
electrode of pots. | breene or 


| Effiuve + metalor wood. ; bath a tc 
anv other 


[ } 5 cr a 
‘onvective 4 ay Ne 
Lischarres of Morton wave j 
A | currents applied by means of glass v 


acuum electrodes. 
The sliding rods are separated as far as possible. The strength 7 
current can be increased by placing a metal plate on the platform am 
then placing the legs of the chair on this metal (Fig. 41). ae 
The current can be still further increased by placing the chair s0 
that the patient can rest his feet on the metal plate. (See Fig: oe 
The only difference between the connections for static insulation 
' Slightly modified from Virgilio Muachado's table. Les applications directes 
de I'Electricité 4 la Médecine et a la Chirurgie, Lisbon, 1908. 
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and the Morton wave current 1s that the balls A and B are widely s6pa- 
rated in static insulation, whereas in the wave current they are placet 

-» contact to start with. The strength of the current used for static 
insulation is regulated mainly by the speed at which the machine 1s 
operating. This me‘ hal of apphcation is generally used when the 
case is hypersensitive to any form of electricity. It has a general 
quieting effect on the nerves, and is one of the best ways to begin static 
treatment, as by means of it you are sure to gain the patient's conf- 


ou 


Fig. 41.—Legs of chair on metal plate. 


dence. It does not produce the slightest shock, and can be used in 
the most sensitive cases. 

The static bath is said to be electro-positive if the positive pole of 
the static machine 1s connected with the insulated platform. 

The application of the static induced current from a machine of this 
type is made by adjusting the handle at “induced.” There is no con- 
nection between the external coats of the two jars, the connecting rod 
being pushed under the machine. 


Fig. 42.—Patient’s feet on metal plate. 


The smallest Leyden jars, not much over an inch in diameter, are 
placed upon the little shelves, and their inner coats are connected with 
the prime conductors. Insulated conducting cords are fastened to the 
two binding posts, and lead to electrodes applied to the patient. It 1s 
not necessary, but customary, for the patient to be upon an insulated 
platform Unless there is some contra-indication, like the simultaneous 
application of some other form of treatment, such as vibration. The 
machine should have been charged before the connections are made with 
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the patient, and is now set in operation with the discharging rods in 

itact. These are carefully separated to an extent that is regulated 
by the sensation of the patient, but which will rarely be four io be 
greater than ¢ inch, or 3 millimeters. This separation should be made 
cradually, and eure should be taken not to allow the discharging prick 
te get too far apart, either as they are bemg adjusted or afterward Pia 
the motion or vibration of the whole machine. An arrangement Fe 
provided in some machines whereby a screw-thread on the discharging 
rods is brought into play to produce accurately graded motion of the 


rxis as they are separated, and to hold them in that position. The 
electric currents sent through the patient in this way have been ex- 
plained elsewhere (page 27). [hes 
Fig. 43 shows the smallest Leyden jar connected to one pole of the 
static machine, and connected with the outside of this jar is an ordi- 


Fig. 43.—Static induced. Fig. 44.—Static induced, intensified. 


nary sponge electrode. The electrode is placed in position and the 
current regulated by slowly separating a and b. If a stronger current 
is desired, then two Jars can be used as m Fig. 44, regulating in the same 
manner. The larger the jars used, the stronger will be the current with 
the same spark-gap. 

Here again, as in the wave current, it is essential to have a perfect 
contact between the electrodes and the patient. A single electrode can 
be used or two, as in Fig. 45, and any 
electrodes that is used with the gal- 
vanic or faradic current can be used 
with the static induced. As a rule, 
the smallest Leyden jars are used. 


Fig. 45.—Statie induced. intensified Fig. 46.—Morton wave current. 
with two electrodes. 


Static Wave Currents.—The Static Wave Current.—This 3s also 
known as the convective discharge current, and sometimes a= the vibrator ui 
current or the Morton wave current. In this method the metallic plate 
of the platform is connected to the positive pole of the static seapeage 
the negative pole being grounded, the sliding rods in contact. rhe 
patient is placed on the platform, having the feet on the metallic plate 
(Fig. 46). The strength of the current is now regulated by slowly sepa- 
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rating a and 4, and it is always well to withdraw the negative aliding rod. 
lf the patients complain that they feel sparks on their feet, then remove 
the shoes, as this current should not be painful; if it 1s, it indicates & 
poor contact bet ween the metal plate and the patient. . 

The strength of this current is regulated by slowly separating a and 
b. There must be a continuous spark between @ and 6 when this current 
is properly used, Instead of applying the current through the feet, a8 
above described, any electrode that 1s used with the galvanic or faraclic 
eurrent can be used in place of the metal plate. This current is not paim- 


| | i 


Fic. 47.—* represents any electrode that can be weed with galvane or faradie current. 


ful, and should not be used strong enough to produce any unpleasant 
effect upon the patient. Its main therapeutic value 1s due to the fact 
that it stimulates the glandular system to increased activity. It also 
has a local action in relieving the pain of sciatica. 

A modification (Fig. 47) consists in interposing a large Leyden Jar 
between the ground connections and the negative pole of the machine. 
The advantage of this method will be appreciated during the summer 
months; when the connection is made according to Fig. 46, it may only 
be possible to obtain a spark between a and b of 2 or 3 inches, while 


Fig. 48.—Osone generator: r, Receptacle for cotton and medication. 


with the connection as per Fig. 47 it may be found that it is possible 
to Obtain a spark 7 or § inches long. 

Phe same method may be applied through a rectal electrode, using 
any electrode that would be used with the galvanic or faradie current. 

Fig. 48 shows an ozone generator. Fig. 49 shows a further modi- 
fication, consisting of an ozone generator in which the spark-gap takes 
place. Connected with the ozone generator is a tube, so that while the 
patient 1s having the wave current he is also inhaling ozone at the 


eRe ae This makes a very successful treatment for chronic bronchig] 
roubles. 
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When used for this purpose, instead of a being connected with 
the metal plate on the platform the patient has a large metal plate Sa 
the chest. This may be in the form of tin-foil, such as is used for pro- 
rection against the z-ray, or it may be a large pad clectrode which has 
Leen made thoroughly wet. 
Connected with the ozone 
eonermtor 18 a piece of soft- 

ber tubing having a 
mouth=pece, 50 that the 
saticent inhales the ozon- 
iz a1 SF ct the same time 
the wave current 1 being 
massed through the chest. 
[his can be modified in a 
numberof ways. Instead 
of using &2 Wave Current, 
the d@ Arsonral figh-fre- 
quency current can be 
nasscexl through the chest 
and the Tesla current appled to the ozome generator. In place of sup- 
olving ordinary atmospheric air to the generator, pure oxygen can be 
supplied, in which case the patient will inhale pure ozone. Again, the 


Lt 


Fic. 42.—Wave current and ozone inhalation. 


ee 


“ye 


oan es a ge ee Fic. 51.—Ware current applied through 
fir. 0).—Wave current a hed by vacuo Ig. wl Ware curren foam 
pei um tube. ry vacuums electrode; other pole grounded. 


ozonized air can be compressed and used to operate a nebulizing device, 
in which case various medicated oils are used. 2 oo eae 
Fig. 50 shows one way of using the ordinary racuum fuse wi 
static machine. ‘The current is really nothing but the wave curren a 
plied through a vacuum electrode. ‘The 
strength of the current Is regulated by 
separating a and b. Ross. 
Fig. 51 shows another way of using 
the vacuum electrode, which serps 
of grounding the negative pole am = 
taching the vacuum electrode to me 
positive pole. ‘This makes the current 
stronger. | 
Fie. 52 shows similar ar vent 
Fig. 52.—Wave current through vac- Fig. Ae shows similar pista 
ium tube; other pole grounded through with a Leyden jar which is espe ae 
Levilen jar from the negative pole and eae the 
its external armature grounded. While the oe pase. re ope 
Vacuum tube causes a violet color, this is not what & erstood 


high-frequency current or as the ultraviolet ray. _ wd the Static 
The Electrxe Connection for the Static Induced Current and Me Sis) 
Wave Current—The different contacts past which the aise | 
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flow to the patient should be perfect. The Leyden jars may generally 
be hung upon the brass rods and produce a good enough contact by 
their weight: but the terminals of the conducting cords had better be 
eeeyred by thumb-screws instead of being simply slipped into the bind- 
ing-posts. ‘Then, again, the fastening of the conducting cords to the 
electrodes should be by means of a thumb-screw or pressing the terminal 
of the cord into a spring slot, not merely by twisting it around some part 
of the electrode. The two terminals of the conducting cord, if they are, 
as usual, separate pieces of metal, should be soldered to the end of the 
wire. Simply twisting the wire about the metal terminal will not do so 
well. At all these points of contact particles of dust between the 
metallic surfaces or & film of metallic oxid Upon One oF both surfaces will 
make the ronwict im pertect anc prevent the flow ct bs | uniform current. 
The electrodes themselves should be considered. The ordinary sponge 
electrode usually has a perfect metallic connection from the conducting 
eord to the metallic surface, over which the damp sponge is stretched. 
At this point, however, an imperfection often develops m the shape of a 
laver of verdigris or other metallic salt upon the surface covered by the 
sponge. This interferes very much with the flow of the current. The 
result of an imperfect connection at any point is to increase enormously 
the resistance to the flow of the current, and consequently to make the 
eurrent much weaker. Then every little while the current finds an un- 
obstructed path and a strong current flows for an instant, to be again 
reduced as the oxid re-forms. The result is a series of disagreeable jerks 
of the different muscles of the part of the body to which the current 1s 
applied. 

Block-ttn. Electrodes.—Pure tin is as flexible as sheet- lead and does 
not rub off on the skin and clothes. Pieces of appropmate size are 
preferable to wet electrodes for many static applications. 

Static Spark and Breeze Applications.—With the same connections 
the patient will receive a spark from a metal ball electrode and a breeze 
or effluve or spray from a pointed one. A shepherd’s crook conducts 
the electric charge from one prime conductor of the static machine to the 
Insulated platform upon which the patient sits; while a cham conducts 
the charge from the other terminal to the crown or some other effluve if a 
breeze is to be applied or to a ball eleetrode for applying sparks; or, the 
other prime conductor may be grounded, and indirect sparks may be 
drawn from any portion of the patient by bringing a grounded ball 
electrode near the surface. Another form of indirect spark is applied to 
the patient seated upon an insulated platform, connected with one prime 
conductor, while the electrode connected with the other prime conductor 
8 approached not to the surface of the patient, but to a metal plate, rod, 
or ball, in close contact with the surface. The effect from this form of 
application is more like that of the static induced current or the wave 
current than of the spark. 

Indtrect Sparl: or Breeze —The patient is seated upon the insulated 
platform, to which the shepherd’s crook conducts the charge from the 
positive pole of the static machine. The negative pole is grounded and 
the electrode is also grounded. For the overhead indirect breeze, for 
instance, the crown is placed in the standard and raised above the 
patvent's head (Fig. 53). 

_ friction Spark.—Connections are made as shown in Fig. 43, which is 
Just the same as the direct method, the only difference being that the 
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niller electrode is used and pressed firmly against the clothing of the 





i b _ + rh, ia : 
Fie “¢ Planta for indirect spark efiact (Raciguet ane AL not Paris) 


Indirect Spark Electrode —Fig. 56 illustrates a method of directing 


rticular part. It consists simply of two brass 


the static spark to any pa a piece of hard rubber 


balls joined together by a brass rod and held by 
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at an adjustable distance from the metallic part of the electrode handle, 
The terminal brass ball 1s pressed firmly agninst the part of the body to 
which it is desired to direct the spark. A continuous senes of sparks ore | 
Ea applied hy connecting the metallic Dar of the electrode handle with 
one pole of the static machine. Or separate sparks may be apphed, by 


approaching a ball-electrode from the statie machine and allowing a spark 


to pass from it to the metallic part of the electrode handle and thence to 
the terminal ball and the patient. 

Direct Breeze Application.—The connections are the same as for the 
direct spark, but the electrode is a pointed one, and may consist of metal 
oer carbon for the stronger or of wood for the weaker effects. The direct 
head breeze is one of the most useful of these apphcations. The crown 


is at a considerable distance from the patient's head to avoid uncom- 
fortable prickling. The current will be in the form of a spark if a metal 
hall electrode is used. Other electrodes intended for a breeze or spray 
are illustrated on pages 41 and 42. The only difference in this method 
from the previous one is that an electrode is added, making a local ap 
nlication of the current instead of a general application. The chain to 
which the electrode is connected can be dropped on the floor or con- 
nected to the gas-pipe (Fig. 57). 

With this method any style of clectrode may be used. In a general 
way the strength of the current is governed by the material of which the 
electrodes are made, wooden electrodes giving milder effects, pointed 


t 


ta 


Fig. 57.—Indirect method of applying the static breeze or spark. 


metal electrodes giving a stronger effect, and, where a spark 1s desired, 
the large brass ball is usually used. This method is used for producing 
local action of the static current, a strong breeze being used in the 
treatment of mild muscular pains, such as come from catching cold. 
A static spark is used up and down the spine in cases of locomotor ataxia 
and 1Or ACUTE muscular pains. In acute muscular pai it will give almost 
instant relief. Of course, the pains come back again in the course of a 
lew hours, but can be again relieved and for a long time. It also con- 
siderably relieves the ataxic pains. For administering the breeze, 
electrodes have been made of various materials, different kinds of wood 
Varying in the current according to their resistance. There are some 
hollow electrodes in which have been placed various kinds of liquids. 
Indirect Spark and Breeze—The patient is seated upon the insulated 

platform, to which the shepherd's crook conducts the charge from the 
positive pole of the static machine. The negative pole is grounded and 
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the electrode is also grounded. For the overhead mdirect breeze, for 


instance, tbe crown is placed in the standard dnd raised above patient's 


head (Fig. 53). 


x 


Fic. 58.—A hollow wooden electrode filled with liquid for long spray. 


Fic. 58 shows the use of a hollow wood electrode filled with water. 
This affords a means of applying a spray of long, thin, painless sparks. 


FF Se eS 
Pj 
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Fig. 359.—Spray director, o, can be moved to regulate distance between point and hole 
in glass. 


_ Fig. 59 shows the author’s indirect spray electrode with regulator. 
Fig. 60 shows the method of application. 


his 


roth: hale St sna 


, Fig. 60.—Method of applying spray director: Sid. is spray director beld in hand 
a er Birass bell is conmected to end of brass rod mounted on insulated bolder, 
pointed em toward = jade ent stntir. Strength exf spray from director increases as brasd 
Pt approaches + pole of static. (Original regulating device by sather.) 
i a 7 = 
f i reduction aj d’ Arsonval Currents—Fig. 61 shows the arrangement 
OF secunnge @ Arsonval high-frequency currents from a static machine. 


fh 
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thie alicliner ros of Fa, | etntic mic hime a. represents it apark- 


S, #, represent ; nacre : 
ran mounted in a box so as to obviate the noise; /, [, represent two 


Leyden jars; a, represents a bar l-rubber tul sc, represents two binding 
meets connected with the end of the coil, which connects the outsicle 
coatings of the Leyden jars; 6, represents the terminal of the fine coil 
winding, which is inside of the hard-rubber tube a. nes 
The above is the outline construction of what is known as the f “i ffard 
hyperstatic transformer. It differs from the transformer tus made by 
Tesla in that in place of the insulating tube a Tesla uses an msulating 


= 


a, 


Fig. 61.—Arrangement for securing d’Amonvel ligh-frequency currents from static 
machine. 


oil, which was required owing to the extremely heavy currents that he 
used, whereas for medical work the oil insulation is not required. 


THE DOSAGE OF SIATIC ELECTRICITY 


When the patient is upon the insulated platform, which is connected 
with one pole of the static machine, the surface of the body in general is 
uniformly charged with electricity. The density of the charge depends 
partly upon the efficiency of the static machine and partly upon the 
completeness of the insulation. 

The Franklin has been proposed by Benoist as a practical unit of 
density of the static charge. 

The C. G. 5. unit of electricity is a quantity of electricity which, 
concentrated at a distance of 1 centimeter from an equal quantity of the 
same polarity, will repel it with a force equal to 1 dyne. The Istter is 
ale HLT equal to | milligram. A coulomb 13 equal io 4 ‘, LiF (%. cr. a nits. 
and is a unit upon which the amperes and volts of electric current are 
based, but is entirely too large a unit to use with static electricity. 
lhe name Franklin is given to the small C. G. 5. unit, and the dose of 
the static bath is expressed as be’ nf 10 Franklins when the density meas- 
ured upon either surface of the hand is equal to 10 Franklins per square 
Centimeter. 

Benoist Electro-densimeter—This consists of a delicate electro- 
scope, which is charred by an insulated disk of appropriate size, which 1s 
applied to the patient’s hand and then to the charging rod of the clectro- 
scope. The graduation upon the mstrument should be such that the 


= indicate so many Franklins per square centimeter of the surface 
tested, 


PHYSIOLOGIC AND THERAPEUTIC EFFECTS OF STATIC ELECT RICITY 


The effects of its application to the human body are muscular con- 
traction, relaxation of muscular spasm, nerve stimulation or sedation, 
And Similar effects upon glandular andl circulatory functions and upon 
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the mtimate tiesie processes, osmotic and others, of the body, anal 
dex eloctrolysis and cataphoresis. 

>) person connected with one pole of a static machine does not remain 

charged with electricity a5 long as the machine 14 in operation, unless the 

nerson is insulated. “The whole current is unidirectional, and contact 
with the earth prevents ifs AcCcCUMUltiON 2 an electric charge. The 
wonditions are quite different from those prevailing with high-frequency 
jseharges, Which are oscillatory and keep the patient constantly charged 
with one or the other polarity. 

A person may be charged by induction from a static machine only 
rhe iz within a very few inches of it, but not if he is yards. or even 

miles, away, as with some high-frequency apparatus. 7 

The production of heat in the human body ts increased during and 

for some time after a treatment by static electricity (Pisani and Mon- 
tuoro) 

Tissue changes and glandular secretions are increased. 

Sedative effects are obtained from a static bath or insulation, and from 
a static breeze applied exclusively to the part affected, as in neuralgia. 
Static baths are used, for mstance, mM neurasthenia, msomnia, and 
hysteria. 

' StHmulative effects are obtamed by the static breeze and sparks, and 
the patients are generally benefited by the static bath in addition. 
Cases of hysteric neurasthenia and muscular weakness from rheumatism 
or diabetes are examples. 

Physiologic Effects of Static Electricity—Adopting Machado’s 
classification (page 400) the effects of static electricity may be grouped 
as follows: 

General stimulation, produced especially by local or general disruptive 
discharres. 

Motor stimulation, produced by local disruptive discharges and the 
various wave currents. It is not so characteristic of static as of galvanic 
or faradie electricity, and the great majority of static applications are 
not accompanied by muscular contraction. Static sparks produce con- 
traction of the voluntary muscles, and will do so even in some cases where 
other forms of electricity fail to act. During a treatment by state 
electricity the myograph shows that the muscles are able to resist fatigue 
longer than usual (Capnoti, Pisani, and Schnyder). gate fee 

Static electricity stimulates the growth of young animals (Capriatrs 
experiments on tadpoles and Piccinino’s on silkworms. The latter 
row faster and better when exposed to static electricity than under the 
influence of high frequency and autoconduction). 

sensory siimulation, producing the sensations of taste, emell, sight, 
touch, and hearing. Static sparks are not, however, so effective upon 
sensory nerves as high-frequency sparks. The static breeze applied Lo 
the head often flattens the hair down on the head and causes pricking, 
Which may be intolerable if the current is too strong. 

Revulsive and derivative ¢ ffects and countertrrilation produced by 
static sparks. 

V nsodslotation. 4 secondary effect of static sparks. Locally, there 
is pallor followed by redness. Static applications, general or local, do 
not have a very marked effect pon the circulation in health, but they 
often produce a favorable effect in morid conditions with excited action 
and elevated or depressed arterial tension. 
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on of exudates are effects produced 


Afesalring a rhe? afimulaiing absorptt 

by static sparks and the different wave currel a - static 

' BFereitomufrifive and general or local tonic effects ial produ ed by ib 

insulation and by various wave currents and the static breeze, | ee : 

Loa ra a / J ‘ ‘ - iat ond r ] : F bi x 
the current from a vacuum electrode connected with one pole 01 


static machine. axes : | re Ee 
Stimulation of the natural means of defense of the organism is produced 


hy the same conductive and convective applicat ions, re 

Sedative « ects, local or general, are obtamed Irom oh State bath a 
‘nsulation and from a static breeze or effluve applied directly to the 
affected part. The wave currents also have this property. 

The Aypnotic effects of static electricity, or rather its effect upon 
the causes of insommia, are produced by static Insulation with a head- 
breeze. But excessive or too prolonged stimulation of muscular con- 
traction by the wave currents will cause Insomnia. 

Cauferizalion—Seated upon an insulated platform and holding the 
index-finger toward the crown furnishing the head-breeze, a short spray 
of violet light, hardly more than a bright point, may be seen to emanate 
from the tip of the finger-nail. The author has allowed this to continue 
for a minute or two and has found the finger-nail burnt or charred. 
While he has never heard of a patient's clothing taking fire from a static 
application, it has always been a matter of wonder to him that powerful 
sparks applied through delicate fabrics do not set fire to them: and 
he always holds himself in readiness to turn off the electricity and clap 
his hand over the ignited part if such an event should take place. The 
same sparks passed through a sheet of writing-paper produce perfora- 
tions, which may be seen if the paper is held up to a bright light. The 
interstices in ordinary fabrics, however, probably allow of the passage 
of the static sparks without any effect on the cloth. | 

Therapeutic Indications of Static Electricity—A study of the 
physiologic effects and the forms of static electricity employed to pro- 
duce them, will at once suggest a wide range of general and local morbid 
conditions in which this treatment will be beneficial. 

static electricity in nervous diseases is grouped with electrical 
applications in a separate chapter upon electricity in diseases of the 
hervous system. 

The following paragraphs are based upon Machado’s classification: 
_ 48a general stimulant static electricity is invaluable in cases of debil- 
ity following & prostrating illness, or prolonged work and anxiety. as 
after the illness and death of some close relative. The author employs 
positive Insulation with a negative head-breeze for about fifteen minutes. 
and then applies about 12 sparks along the spine from ametal ball. The 
treat ment is given three umes a week and the effect is very prompt. 
arterial ss, application is useful in depresed eardiae action and low 
has known Gharrealicuecintae? am j ee Impotence the author 
have been predominant; 05 ee ee 

static bevit hs or ssmalatein are valuabl seal wae Ee i : 
pruritus and eczema. ser are VeIUADIe as a systemic treatment in 
he ic baths or insulation are usefyl in neurasthenic patients with 
aaa une ei Septet disruptive discharges and of the different 

Sis ma) i FMent 1m the heneht from the latter it the 
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ment of prosfale hypertrophy and chronic inflammatory ulerine and 
-pelvice conditions. Cases of chronic constipation are sometimes 


enefited by static sparks applied to the iliae regions. 


ir contractions as a separate effect, either diagnostic or thera- 


_are more often secured by galvanic or faradic currents with or 
without condensers. 


re ail 


The excitomotor effect of the static wave current applied over the 
suprapubic region 15 useful for Incontinence of urine due to insufficient 
control of the sphincters. Static sparks and effluves benefit atony of the 
anstriped muscle of the intestinal wall and pelvic viscera. ; | 
The reculsire, derivative, and counterirritant effects of the static 
arks are employed in the treatment of acute muscular pain, which is 
often relieved at once, and on its recurrence may be relieved again ae 
longer time. The lightning pains of locomotor ataxia may also be 
onsiderably reheved. Chronic painful arhicular conditions from Pout, 
rheumatism, and gonorrhesal arthritis have been treated by static 
enarks, but the patients often complain and the author does not employ 
‘his method to any extent. Friction sparks from a roller electrode or 


u 2 ball electrode rubbed quickly over the surface outside of the clothes 
iz an efiective but verv severe treatment for acute cases of stifi-neck and 
other painful muscular inflammations. 

This action explains the benefit from sfatie induced currents im the 
treatment of Juruncles. The external armature of one Leyden jar of the 
static machine is grounded, while a wire from the other leads to a con- 
denser electrode which is applied to the surface of the boil. This elec- 
trode may be made extemporarily by stuffing a glass test-tube with tin- 
foil. The effect may be to prevent suppuration, just as chemical coun- 
terirmtants will often do, or, if pus 1s already present, the application will 
often relieve the inflammatory symptoms and favor evacuation. 

The static breeze is of service in erysipelas, suppuraling wounds and 
contusions, and ecchymoses. The static breeze is also an excellent ap- 
plication in skin diseases of a neurotic origin, and il pruritus vulvee. 
It is of service in synovitis, the patient being in negative insulation, the 
positive pole of the machine grounded, and a wood electrode or an ordi- 
nary whisk-] eT) erounded separately. ‘ 

The revulsine and derivative effect of the static wave currents with a 
moderate excitomotor effect are applied through a vaginal or a rectal 
electrode in pelvie disorders characterized by hyperemua- Such — 
tions are salpingitis without suppuration, subinvolution, endometrits, 
dysmenorrhea, retroversion due to enlargement of the uterus, #0 
delayed menstruation (M. L. H. Arnold Snow, Static Electricity m 
(;ynecolory ). ote tee 

 Synovitis is treated by the positive wave current, nore 3 
twenty minutes from a large metal or kaolin electrode accurately 
ting the joint (Humphris). ; Pig: 

"Static Paceiie an Circulatory Disorders.—There 18 often xe 
upon the circulation, and Luzenberger' has noted a sedative ants has 
patients with heart disease from a series of static tren eC ee the 
alo seen the cessation of mitral murmurs of spasmodic ongim by rary 
static breeze is applied to the precordia for ten minutes. | Arterat nee 
LensioOn is frequently reduced ( Luzenberger), anc Static electricity 1S fis 
an excellent application for arterial hypotension. 
t Arch. d’elect. med., August 25, 1906. 
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My own observations show that for conditions of low arterial tension 
and fecble heart the best applications are those in which the patient 
neceives a disruptive discharge, or one through the air, sparks, and efluves. 
And for high arterial tension, the applications in which the patient 
directly or indirectly connected with both poles of the static machine 
are Indicated, although not as effective ry Bi high-frequency currents if 
hugh arterial tension is alone to be combated. 

The erefonuinitive and tonic effects are made wee of in diabetes, 
where the results are often wonderfully good, and in oraluria and uric- 
acidemia. Cases of deficient glandular secretion are benefited, such as 
hypochlorhydria and anachlorhydria and deficient intestinal secretion. 
The best method is to apply the static breeze or brush discharge over the 
abdomen without sparks. 

fheumatow arthritis treated by static electricity: the wave current 
may be applied, and the machine should be powerful enough to give a 
l0-inch spark-gap with an electrode of 150 or 200 square centimeters. 
Other cases require the static incirect spark: negative insulation. sparks 
4 to $ inches long drawn from the patient’s body by a ¢rounded elec- 
trode, the poles of the static machine far apart. If the sparks are too 
painful, an indirect breeze may be applied or a wooden ball not too dry 
may be used instead of the metal-ball-spark electrode. The static 
treatment may be preceded by a local application of incandescent elec- 
tric light. | 

lonic medication 1s to be preferred where there is bogey swelling 
around the joint (page 401), and diathermy by high-frequency currents 
(page #0) 1s often of the greatest benefit. 

Duspepsia may be treated by the static wave current preceded by a 
sharp application of incandescent electric light, both over the upper part 
of the abdomen. 

Lumbago is treated by the application of a 500 C. P. incandescent 
lamp for fifteen minutes; then the static wave current for the same length 
of time with electrodes & x 10 inches. and the spark-gap increased to 
tolerance perhaps 8 or 10 inches (Humphris). 

Sciatica.—Find the small affected area by applying short sparks 
along the course of the nerve. A flexible metal positive electrode, a little 
larger than this area, is bandaged firmly. The negative pole is grounded 
and the spark-gap opened gradually, because the application is painful at 
first. Long-standing cases require the indirect spark. After the first 
three or four treatments combine the static electricity with 500 C. P. 
incandescent lamp (Humphris). 

Gonorrheal Rheumatism Treated by the Static Wave Current A pplied 
lo the Prostate —Titus applies the vacuum electrode connected with one 
pole of a static machine to the region of the prostate. This is on the 
theory that the gonococci are located in the prostate, and not in the 
joints, and that they are weakened and evacuated with the urine in 
consequence of the contractions of the prostate caused by the electric 
applications. 

Uhere are Cases, however, where the gonococet are abundant ly pres- 
ent in the pus which fills the joint, and where surgical evacuation and 
disinfection are required. 
ave of beter aplication to the dep urethra the other 
THAOVE WOT > germs have not migrated to the articulations 
and the joint troubles are due only to toxemic products. 





Dyxamic electricity may be regarded as electricity in motion, while 
afatl electricity 1s eéleetricity at rest. Dynamic clectricity is known 
-hiefly by the effect of its transmission through conducting paths, and 
aatic electricity chiefly by its cfiects as a stationary charge or as a 
disrupt co discharge through non-condueting paths. = 


NATURE OF DYNAMIC ELECTRICITY 


Electricity of all kinds is probably of the same essential nature. 
Dynamic as well as Static electricity may be assumed to be due to the 
application of forces which disintegrate the atoms of matter and liberate 
« ereater or less number of ions about =), the size of atoms. The 
noazitive ions liberated are always equal in number to the negative ions. 
lt is an interesting subject for speculation, whether perhaps the ions or 

till smaller electrons are electricity and whether all matter is simply 
electricity under a variety of forms. By the application of some force, 
such as chemic affinity in the case of a zine and a copper plate dipped 
‘nto dilute sulphurie acid and connected by a wire outside of the liquid, 

liberation of ions is supposed to take place. The force with which 
the positive and negative ions tend to pass through the different media 
so as to neutralizeeach other is called the electromotive force, and 1s 
measured in volts. 

The natural and artificial sources of what 1s called dynamic elec- 
tricity generate a very much greater quantity and at a very much lower 
pressure than is the case with the form called static electricity, and the 
nroduction is usually continuous 
and more or less uniform. The 
distinction is not at all an arti- 
ficial one; the very existence of 
static electricity implies a degree 
of insulation sufficient to retain the 
electricity until a high pressure has 
been produced: while with dynamic 
electricity the natural process is 
for it to have a conducting path 
along which it ean flow as fast as 
it is generated. The flow of dy- 
namic electricity takes place as 
naturally as the flow of water irom 
4 higher to a lower level, or as the iy colt were eeeeeee eeu electric 
movement of the water or the air te ie i - Saar faa eta To pressure: p, Preton 
when the hand ts passed through it. moving because of the difference in hy- 
Dynamic electricity is really akin draulie pressure im reservouns saree 
to mechanic motion, while static Ene 
electricity is equivalent to a tendency to motion produced eadtiaze 
elevated position. A force applied to a body and pushing ns ae ‘G 
it over a smooth surface at a uniform rate of speed 15 err soht 
dynamic electricity, while the force which raises 4 body To - neigh 
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from which it has a tendency to fall 1s representative of the force pro 
ucing Static electricity. ; 

= Fig. 6) shows another comparison between electricity and hydraulic 
power. The piston, p, moves im ct nsequence of the pressure ot the 
water in the evlinder, and is supposed to be connected with an engine 
so a3 to perform work. To do a specified amount of work or Move @ 
certain distance against a certain resistance requires o certain W&ter 
nreseure or difference in level between the water in the reservoir a than 
in the reservoir 6, and also implies a flow of water through the tube and 
cvlinder was the piston moves forward. In such a case the tube and 
evlinder w. 1, and w, by which the water i1¢ transmitted from the upper 
to the lower reservoir, presents a certain amount of frictional resistance, 
and a certain amount of work is expended in overcoming this. It 
makes no difference how much water 15 contained in either reservoir, 
provided it is at the required difference in level. The hydraulic pressure 
of a column of water so many feet in height may be compared to the 
electric tension or to 4 certain number of volts difference in potential. 
The frictional resistance in the tube and cylinder w may be compared 
to the ohmic resistance of the conducting wire, and in corroboration 
of the doctrine of the conservation of energy all the work so expended 

reappears as heat or light. The rate of flow of the water through wis 
comparable to the rate of flow or the amperage of the electric current. 

The work done in moving the piston p, and whatever may be attached 

to it is equivalent in our simile to the 

work done by the electric current in 

producing electric or magnetic In- 

duction, with or without motor ef- 

fects, and various chemic, physical, 

and physiologic results. 

The rate of flow 1s increased by 

a increasing the pressure (height of 

| the column of water or number of 

Fig. 63.—Comparison with hydraulic volts difference in potential); by 
pearmbnltt 3, cone eee reducing the frictional or ohmic re- 
Consent. sistance, and by reducing the resis- 

tance to the motion of the piston p, 
or the amount of work to be performed by the current. To make the 
comparison with the case of two bodies charged to a different potential 
and then connected by a simple conducting wire we have merely to im- 
agine that the piston :p is left out and friction of the tube w is the only 
resistance to be overcome. 

the diagram, Fig. 62, would be strictly comparable to the case of 
4 constant potential electric battery if we should introduce a pump to 
transter water from the lower to the higher tank, so as to maintain the 
two at exactly their original levels. In such a case there would be a 
uniiorm circulation of water through the apparatus, just as there is a 
uniiorm current of electricity through a battery and its circuit. 

Iwo bodies which are charged to different electric potentials, but 
which are simply allowed to discharge by making an electric connection 
between the two would be represented by Fig. 64. Here there is a dif- 
ference in level at the start, and the pressure of the water causes the 
Piston to ndvance and the water to reach the same level in both evlinders. 
Phen the pressure in cach direction becomes equal and motion ceases. 
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SOURCES OF DYNAMIC ELECTRICITY 


The production of clectromotive force occurs in consequence of a 
ery great variety of natural and artificial causes. FElectrie currents 
n useful amounts are generated by chemic action, by heat. by the 
syotion of magnets or of coils of wire through which a current is passing. 
tnd every Vital process in plants and animals and almost every other 
nhencmenon In nature or art are productive of a demonstrable current. 
The mere contact of dissimilar metals produces such « current. and heat 
applied to the Junction of two such metals forms the basis of a prac- 
ficable tYpe of electric battery. 


THE VOLTAIC OR GALYVANIC CELL 


To understand the modern theory of dynamic electricity it will be 
: | to consider the case of a simple voltaic cell (Fig. 64), consisting 
of 3 jar partly full of dilute sulphuric acid in which dip a plate of zine 
ione of copper. The two plates are connected outside of the liquid 
ny a copper wire, which is a good conductor of electricity. The chemic 
-tion of the sulphuric acid upon the zinc produces an electromotive 
foree which passes through the liquid from the zinc to the copper, and 
- eontinued through the wire outside of the cell from the copper to the 
zinc. This is taking the direction of the 
nositive current as that of (he current. 
' The Theory of Arrhenius (1887).—In an 
electrolyte, i. é.. such a fluid as the dilute sul- 
phuric acid in the battery which we are con- 
<idering, the molecules contain two kinds of 
‘ions which are electrically associated with 
their respective electric charges before the gen- 
eration of the electromotive force. The 1ons 
move about irregularly among the water mole 
cules, sometimes approaching and sometimes 
receding from an ion of the opposite kind. 
When a difference of potential is established epee 
between the two electrodes by the chemie action 0! ar csi Abe 
the zine, a directive influence is exerted upon all the free lons im i : 
liquid and 4 reneral movement of ions in Opposite directions eas 
place. The neeative ions all move toward the zinc, and the pen e 
ions all move toward the copper. Tt is not to he supped Se ay 
individual lon moves the entire distance trom the zine to Ke t far 
or from the copper to the zinc. Any one ion may MIOWe. om "Theré is 
distance through the liquid and then become bound ha mer al result 
probably an interchange of ions all along the line, and ee sitive 
is the liberation of free molecules or radicles of an LT TE 
substance at one electrode and of an electronegative cant: 2 the 
other. In the ease of the voltaic battery which igi se nd this 
electropositive substance which 15 liberated 13 hydrogen Baka The 
makes its appearance upon the suriace eg a Ba LTS ters into 
electronegative substance 18 the acid racicle SO,, and ropes lv the 
com inatit in with the zinc, forming sulphate of zine. It 5 —s : the 
chemic affinity of the-zine for the acti radicle that Sia pace dav 
entins process, and many of the ereat physicists of the presen’ = - 


a 
a om ae 
Ser Lat 


Fig. $4.—Diagram of simple 
voltarc cell. 


believe that chemic afhnity 15 only Hh manifestation ot electricity. 
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chemic change is noted only at the two electrodes. Throughout one 
mest of the Irquid the changes which are going on are subatomic nich 
rTi HEL Ta effect which eam bee ree a by cherie analysis. : Ass- 
ciated with, and in consequence ol, the MOVEMEnN on the two Kins Ch 
ions through the liquid there is 2 current o electricity through the 
liquid from the zinc to the copper, and this same current 15 continued 
antzide of the liqnurd in the wire connecting the two electrodes. Phe 
eurrent outside the liquid passes from the copper to the zinc, com- 
pleting a circuit. li the two metals are not connected by a wire outisiie 


¢he liquid, in this particular case there will continue to be some act hon 


of the acid upon the zine, and some liberation of hydrogen upon the 
surface of the copper, but these will not be nearly so vigorous as when 
the cireuit is completed. Many voltae cells are made up of electrodes 
and an electrolyte between which no chemc action takes place on open 
“wreuit, and in these, of course, it 1s not necessary to litt the electrodes 
rom the liquid in order to prevent wasteful chemic action when the bat- 
tery i not inuse. This must be done, however, with the simple voltaic 
ecll with zinc and copper elements and a sulphuric acid electrolyte. 
While the circuit is closed by the connecting wire outside the cell, 
chemic action goes on in the cell, and an electromotive force is generated 
or a difference in potential 1s maintained between the two metallic 
elements. In the simple voltaic cell just described the chemic action, 
and, therefore, the maintenance of the electromotive force, are liable 
to very serious reduction by polarization, interference due to the 
accumulation of hydrogen gas upon the surface of the copper plate. 
Voltaic cells are made in which the action 1s uniform, and in such 
a cell an electric current continues to flow at quite a uniform rate until 
the zinc has been completely consumed by the acid or until the acid is 
all used up. The production of the electric current in such a case is 
analogous to the evolution of heat in consequence of ordinary combus- 
tion, and the quantity of electricity produced is proportional to the 
amount of zinc consumed. The current is of greater volume from a 
larpre cell With 4 larze suriace of zinc exposed to the action of the acid 
than from a small cell. but the potential OT Pressure or vi ltace is the 
same. The electromotive force, measured by the voltage, depends 
upon the difference in potential between the two elements. Two 
copper plates in dilute sulphurie acid would not produce a current, 
ae neither would two zine plates. Providing a suitable electrolyte 
is used, a zine and a copper element will produce about 1 volt, while a 
cell in which the positive element is metallic mercury, and the negative 
EIQMent i zine, snl the electrolyte 4% mste consisting af mercurous 
sulphate In a saturatecd| solution of zine sulphate, produces an electro- 
motive force of about 1.436 volts. The electromotive force determines 
the amount of electricity which a battery will force through a certain 
ees If the Tesistance of the human body under eertain cireum- 
sucess 2000 volts, a single zine-copper cell will send through the body 
ene 00. ampere, NO matter how large the cell may be or how 
oo amperes it may be capable of producing. When a battery is 
jlort-ircuited, or the eopper and the zine are connected outside the 
piety A) si ees Witt practically no resistance, the amount of 
proportional to the Amount of zine exposed te 


the action of the acid 1 the larger th 
; 10n | id, and the lareer the c . ekwrautese | 
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Voltaic Cells in Series and in Parallel.— When two or more cells 

e connected im such a way that all the copper plates are connected 
rhoone wire and all the zines with another and the two wires exry bee 
qeht toawether as the Opposite terminals of the battery, the cells are 
ito be connected in parallel. The connection in Series 1s mele bey 

anecting the zine of one cell with the copper of the next. making 2 
es of which one extremity 16 the zine of the first cell ans 
omity i the copper of the last cell. 
. these two extremitics. 

A battery set up in parallel or multiple acts hike a single cell with a large 


i the other 
The two battery wires pass 


int.of zinc suriace to be exposed to chemic action. The current pro- 
aj isof the samelarge quantity asif the zinc surtaces in all thecells were 
ied together in one large eell. If the battery is made up of twenty 
in parallel, and all of the same size, the current strength on short- 
jreuit will be twenty times as great as with a single cell. The voltage. 
wever, will be the same as would be produced by a single cell: and a 
verv large number of cells connected in parallel will not send any more 
tricity through the human body than a few cells. A battery set 
in parallel acts in all respects like a single large cell. 
A battery set up in series behaves very differently. The amount of 
nt on short-circurt 1s about the same as with a single cell, but the 
tf cells. The current which tt 
will send through the human body 1s proportional to the number of 


eclls, and with a very large number dangerous shocks may be given. 
The electromotive force of all the cells 1s added together, while the 


a 


quantity of electricity generated remains the same. On short-circuit 
the current will be no more with twenty cellsin series than with a single 
cell, but when there is a certain amount of resistance m the cirewit 
outside of the cell, the current which one cell will send through that 
resistanee is less than on short-circuit. The current which twenty cells 
in series will send througha laree resistance may be twenty times what one 
cell would send through the same resistance. Of course, the amount of 
‘utrent sent through the resistance is limited to the maximum output 
of a single cell in the case of a series battery. 

The amount of zine consumed is the same in both cases, and the 
came amount of power is generated. The difference between the two 
ivpes of battery is analogous to that between two steam-enpines con” 
suming the same amount of coal, and producing the same amount of 
power, but one geared to move a heavy weight slowly, and the other 
to move a much lighter weight at a correspondingly rapid rate. In 
nechanic motion it 1s practically true that it takes the same AMT 
of power to lift a body weighing one pound 100 feet, as to lift 100 
pounds one foot: and the motion of the two bodies may be caused by 
suitable transformers to vield the same amount of power. In mechanics 
the unit of power Is the foot-pound. In electricity it 1 pract ically 
true that the same power isTequired to produce a current of one ampere 
and ten volts as to produce a current of ten amperes and one volt. 
\nd by suitable transformers the same amount of power may bre 4 btained 
from the two currents. The unit of electric power is the walt, or the 
vi it-ampere, A watt is produced by a current of one STH PETE with & 
potential of one volt or by a current of smaller quantity and a cor- 
respondingly greater potential. ‘Thus a current of 7; ampere cand 
lO volts produces a watt. And, on the other hand, a larger current at 
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a earrespondingly smaller potential will produce a watt. In any case 
* ha number ol watts Ls found by multiplying the number of i Peres by 
the number of volts. The physical and physiologie effects produced 
by a certain amount of energy in the form of a current of high potential 
and low amperage are radically different from the effects of the same 
amount of energy 43 4 current of low ve itage and great AM era ee. In 
the case of the voltaic battery and of the generators of electricity known 
as dvnamos the same amount of energy may generate a current of 


7 
| 


hich voltace and small amperage or the reverse, according to the way 
in which the different elements are connected up. And in all these 

eases the current may be converted from one type to the other without 

material loss of energy by suitable apparatus. 

From what has been stated, it will be eathered that not more than 
about one volt can be obtained from a single zine-copper voltaic cell 
no matter what its size may be, and It 15 a fact that voltaic cells of all 
the different materials used as elements and electrolytes varv but little 
in the voltage produced by*a single cell. This ts never greater than 
about three volts. The amperage from a single cell has no such limits- 
tions. It varies with the size of the elements and the intensity of the 
chemic action between the electrolyte and the active element. The 
=] rength of the current, however, 15 regulated by the resistance it has 
to pass through, and this i made up of two factors—the resistance in 
the cell itseli and the resistance in the conducting path outside the cell. 
When the external resistance 15 Very slight. an increased suttace of zinc 
obtained by the use of a single larre element or several elements in 
multiple produces a corresponding increase in the current streneth, 
because it reduces the internal resistance of the battery by increasing 
the area of cross-section of the conducting path through the ele ctrolyte. 
I he external resistance in this case remains the same, but we are Supe 
posing & case in which this is so small as to be insignificant. The 
same calculation will show that there is a limit to the current streneth 
obtainable from a battery connected in multiple, for even when a large 
number of cells are used and the internal resistance becomes very small 
Lhe voltage isnot increased, When itis desired to secure 4 larce amount 
of current through a large external resistance, a voltaic battery should be 
set up in such & way as to get the benefit of a large electromotive force and 
of reduced internal resistance. With a series battery, of course, the cur- 
rent strength 1s limited to the maximum output of a single cell: while 
with 4 simple multiple connection, the electromotive force, being only 
that of a single cell, will not foree much more current through the large 
extemal resistance than the output of asingle cell. To get the maximum 
current there should be the proper relation between the electromotive 
lorce and the internal and external resistances, and this is obtained when 
the internal and external resistances are equal. ‘The cel] [s may he COrn= 
neclel In two or more parallel series, securing increased electromotive 
force and aan internal resistance calculated to equal that af the extern s! 
circuit. One case in which a large current is desirable is for use as a 
Cautery and another isin electroplating. For both of these the efficiency 
is dependent upon the amount of current, and in both enses the external 
resistance is comparatively small. If a voltaic battery is used for these 
purposes, it should consist of a small number of large cells in series or 
of a number of parallel series of smaller cells. There should be such 9 
number of these series that counting one cell of cach series the zinc 
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‘ace will be the same ss in a single one of the larger cells. If thia 


«case, the number of cells in each series of the small erliis may be 


sante as the number in the single series of the larger cells. When 
+ ' the consileration of dynamic electricity produced by me 
« menus, It will be seen that lt iS A Very easy 


» 6F 
rie Li 


L matter to rerulsate 
he relation between the quantity and the potential of the cutrent “it 
: very source, Or to vary these relations afterward so as to adapt the 
th VPS therapeutic requirements. For celecetrne welcling. 

, two pleces ot metal are to be heated rec het. t he Ordinary plains 
rent from 4 dynamo is changed by a transformer to one of only 
jout five volts, but of several hundred amperes, while for use in actuating 
r-Tay tube the same current of 110 volts is transtormed into one of 
erhaps 100.000 volts, and only i Very few milliamperes, or thousandth 
San ampere. Itis perfectly practicable to transform the current from 
. valtaic battery into a current suitable for t-tay work. It is necessary 
iit the battery should he sufficrently powerful, or should FeneTate a 
ficient number of watts. The coil or whatever kind of transformer is 
‘cl does not add one particle to the power, but only changes its form 
as a pulley does in the case of mechanic power. A battery of from 
irty to sixty full-sized voltaic cells of any good type, such ss the 
LeClanché or the Daniell, will give a sufficient current for an x-ray coil 
th a mechanic interrupter, but will not produce as powerful a ray as 
av be obtained from the 110-volt electric-lght current generated 
‘adynamo. And while a much larger battery would perhaps do the 
me work as the electric-hght current, 1t would cost much more. 
curate measurements have shown that the electric enerzy obtamable 

m a dynamo by the combustion of a ton of coal 1s six times that 
resulting from the consumption of a ton of zine in voltaic batteries, 


_ of course, each ton of zine costs a great deal more than a ton of 
al. Voltaic batteries are desirable only for purposes requiring 4 
portable outfit and a very small current, and that only for short periods 
time, at not too frequent intervals. The small current makes the 
itisl cost so small as to be less than 1t would cost to mstall the neces- 
sary appliances for the use of a current from a dynamo. And the short 
und Infrequent periods of use keep the cost of maintenance within 
reasonable limits. In the author’s experience, however, the electric- 
light current gives better results tor all kinds of therapeutic work 
has been generally adopted wherever available. | 
he amount of wark done in the form of heat-production 1s dependent 
upon the number of amperes of current passing through the cireuit, 
and this ean he regulated in two Ways: in the case of s voltaic battery 
by using large cells or a sufficient number of parallel cells ora arb 
the required amount of current, and adding cells in series with each oe 
the parallel cells, making a number of parallel series producing the 
voltuge necessary to send the necessary amount of current through 
the resistance of the cireuit; with the electrie-lighting current eae 
regulation is accomplished either by the simple introduction ot the 
lecessary resistance in the form of a rheostat or by the use of 4 trans- 
forme j ‘The rheostat adds its Owl resistance Lo that of the rest of the 
circuit, and the number of amperes which will pass through the circulk 
is found by dividing the number of volts (110) by the number of ohms 
resistance 7h the entire cireult. A ehunt may also be used a5 a volt 
controller and the strength of current regulated in that way. 
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Maximum Efficiency. The law that the maximum efficiency Of 
= eas Sy ST Fs ‘2 obtained uk re*h] eve a iT LOTT ral resist: “ice 1S equal 
to t hoe en eral re witanee Of the generator 1s ea Tere LETS misleading in 

. it does not reter merely 


its practical chp! ication. In the f nrst place, 
ur the inte nsitv * r volume or the nun wer Of AMpe tes of the current eent 
a L i | = it i 


rouse the external eet lt refers to 1 the total energy Sent through 
tor ’ ee | ray | " if [= wt 7 

the reach ireuit, or, in other words, to the number of watts, or the 
Lda la del a iil i i - FTE EF q 


number of amperes multiplied by the number of volts. Ohm's law, 
E; 

i R° can be appli ied to this case. 
k - Pa 
number of amperes of current produced; b, the electromotive force, 
and KR. the resistance. But in the case under constiileration the resist- 
ance 1 partly external and partly i intern al—in the TeNnerTator itself. 


= E: 
The equation reads C where RK is the external and Tr the mternal 


KR-+r 

resistance. When it comes to a consideration of the number of watts 
paszing through the external circuit, t. ¢., the useful power of the 
generator, we should have the equation W=CYV, or the number of watts 
in the external cirewit equals the number of amperes im the external 
circuit, multiplied by the number of volts difference in potential between 
the two itp of the generator. The number of amperes C is the same 
throughout the circuit, both im the external circuit and through the 
renerator itself. The electromotive force of the cenerator produces 
the current C through the combined external and internal resistances 
Ki and r, and 1s greater than V, the difference in potential between the 
two poles of the generator which is sufficient to produce the same 
current C through only the external resistance. R- 

There are two different conditions under which it may be desired 
to calculate the maximum current to be obtained from a voltaic battery 
or other generator. 

In one case the internal resistance of the generator r and i its electro- 
motive force E are both invariable. while the external resistance ean 
be regulated. Suppose the electromotive force E of the renerator to 
be 90 volts, and its internal resistance r to be 10 ohms, then the number 
of watts Passing throuch the external circuit is ereatest when the 
external resistance HK 1s equal to the internal resistar ie ft. This is 
shown in the following example: 


w RE 


(itrF 


(C represents In a general way the 


li R et ea r as re C ei ic h LO ohms. That | Fy j= ti) volts. the equath eT wrcula be 


‘NT if x CHF 


— = 25 watts. 
Mo+ 10+ cae 


20 ohms and r 10 ohms, the equation is— 


= A ap 
VW = ath = |S , Ba bac 
(20 + 107 ISO watts. 


li R 1# 45 ohms NLC] rT 10 On T=. the equation is— 
a of OOF 


W = : 180 watts 
(S10 ee ee 
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nother that of « generator whose internal resistance r is 
le, but acting UPON An external eirenit like the Be el eta 

m4" ead a K, which Cannot be regulate, 

internal resistance r, the greater is the nur 
h the external circuit. 


human body with 

In this come the smaller 

ESL Le nber of watts passing 

Paes Phis is shown in the following examples 
case OF A penerator producing an electromotive foree EF. equal to 

oits, and with an external resistance R equal to 1000 ohms. 

I: the external and internal resist area tg ds catty 


| : nee are equal, R and r are both 
) ohms, and the equation would be— - 


— 1OOOxMSIF | “se | 
~ (1000+ 1000): 2-825 watt. 


[mi : F iJ p= Ce) i cr F 7 
ifest that in the equation VW ts kad the smaller the value 
(1000+ rj 


‘iat can be given to r, the greater will be the value of W. Thus, if the 
itiernmal resistance T 1s 10 ohms, we have 


W= (1000 + io watts. 


In the ease of several generators, n, each of which has an invariable 
‘romotive force E, and internal resistance r, formule may be 
Jeulated for their connection either in series or in parallel, or both 
combined to produce the greatest number of watts in the external 
jireuit. This maximum 1s obtamed when— 


| R R nk. 
es or whent = 4. = Nae 
(] r r r 


being the number of groups set up in series, and q the number of cells 
in parallel in each group. | 
li Retr. then 7 = j=) 0, or if the external resistance lS equal es 
‘internal resistance of each cell, the maximum effect 15 obtained by 
ine the number of cells in each series equal to the number ot series, 
thus with 36 dividing them into 6 series of 6 parallel cellseach- | 
li KR>r then t>q, or if the external resistance Is greet. * - 
the internal resistance of each eell, the number of groups set up In Serie 
should be ereater than the number of parallel cells in each oe * 
If r>R then t>q, or if the internal resistance In each ce ; . 
eater than the external resistance, there should be a greater, BT. © 
of parallel cells in each group than at are of groups Set up Mm serie 
The following equations are examples- : oh ee ed 
l. In ieee ae of a battery of 36 elements, each with an spine 
motive foree E equal to 1.5 volts and an internal A hasan are 
te 2 ohms, used for applying 2 voltaic current to tile pare Sg 
with a resistance R equal to 1000 ohms), the equation woul 
. LOO 


: e's . a¢ @'an* to approach a5 near 23 
\ cath r from which It evident that ton. to approme 


t a a le Dy Miche 
possible to a maximum t should equal n, OT Le See hae i be ea ee 
equal the total number of cells. . The entire a6 cells ° ag “2 ‘hod 
itt series to send the greatest number of watt= through the human boGy. 
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2. For electrolysis with a resistance R of 20 ohms the equation 


= 


would bhe— 
1s, 


that is, there should be a series of IS groups (each group containme, 
2 parallel cells). 

3. For cautery with an external resistance R equal to 0.5 ohm the 
equation to produce the maximum number of watts in the external 
circuit would be 


O.5 


1 oh > 


that is, there should be a series of three groups (each having 12 parallel 
cells). 

These faets have been further elaborated in an excellent article by 
Guilleminot (Arch. d’elect. Mecd., 1403). i 

Sparking Distance of Voltaic Batteries.—The sparking distance 
obtained [rom a voltaic battery increases in about the same ratio as 
the voltage, or a little faster. A battery of De la Rue chlorid of silver 
cells with a voltage of 1000 produces a spark about si inch long: 5800 
such cells spark across a space of +> inch; 11,000 such cells spark across 
a space of 4 inch. 

Dhuirty or forty voltaic cells In series will rive not only a spark, 
but an are between the bare ends of the two insulated wires if they are 
irst brought together and then slightly separated. There is a certain 
amount of noise produced, and sufficient heat to vaporize particles from 
the two metal surfaces. If the individual cells are small, the Amperage 
and the volume of the are will be small: while if the cells are large or 
each member of the series is formed by a number of cells in parallel,the 
arc will give a powerful light and heat. There will be no tendency for 
the current to flash across any appreciable distance: the sparks are 
produced only after actual contact, and the thinnest complete laver of 
insulating material is sufficient for the conducting cords. 

Polarization in a Voltaic Cell.—In a simple zinec-copper cell with 
4 10 per cent. sulphuric acid electrolyte the current very soon becomes 
weak on account of the deposit of bubbles of hydrogen gas upon the 
surlace ol the copper. The pas has very great resistance to the passage 
Oo electricity, and reduces the current strengt h proportionately. Hydro- 
ben £35 is electropositive to zinc, and so a counter electromotive force 
is generated which reduces the direct current strength. This rapid 
diminution in the strength of the current is not of serious consequence 
In Cases where the current is to be turned on for only short periods, 45 
lor ringing an electric bell or for cautery purposes. It is known as 
polarization, and immediately ceases when the current is turned off 
anc the bubbles of hydrogen escape. One way of preventing polariza- 
hon in a Voltaic cell is by turning the current on and off frequently. 
Another way is by the use of some depolarizer surrounding the copper, 
like hitrie or chromic acid, which has a strong affinity for hydrogen and 
prevents its being deposited upon the surface of the copper. Another 
way 13 to have the copper immersed in some fluid, which will deposit not 
hydrogen, but some good conductor, like metallic copper, upon the 
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on of the copper. A solution of sulphate of copper is used in one of 
est twoefluid cella) The zine 1 In a solution of sulphate of zine 
whe copper in a solution of sulphate of copper: the two solutions 
| Th electric connection through the Porous wall of the jar that 
-ates them. In this case the substance deposited upon the copper 
slate is metallic copper, which alds rather than impedes the current. 
No cell in which p Warization is not provided against ts suited for regular 
ectrotherapeutie Purposes. 

Local Action in a Voltaic Cell.—A piece of pure zinc, such as may 
he obtained by distillation, is not affected by 10 per cent. sulphuric 
acid if dipped into it alone or with a piece of copper, unless the external 
~ennection is made which permits the electric current to flow. And 
= 4 battery in which the zinc was absolutely Pure, the consumption 
of the zinc would cease while the current was tumed off by opening 
rhe external circuit, even though the zine and copper still remained in 


the dilute acid. With ordinary commercial zine this is far from being 
ase. The zine continues to be acted upon even on open circuit. 
is due to particles of impurity in the zinc, each particle forming a 
couple with the neighboring portion of zinc, and setting up an 
current with an accompanying consumption of zinc by local 
No effect is produced upon the copper plate. This same 
local action also occurs during the use of the battery. It causes a waste 
of zinc while the battery 15 in operation, and renders 1 necessary to 
lift the metals from the acid when the current i turned off. An 
extremely simple means of preventing local action consists in amalga- 
mating the surface of the zinc by coating it with metallic mercury, and 
quite recently a manufacturer in Rhode Island has been able to melt 
zinc and mercury together in such a way as to make a complete mixture 
i the two through the entire mass of the zinc. Amalgamation removes 
i \purities and leaves the surface of the zinc covered with a liquid 
laver of pure zine dissolved in mereury. Zine so prepared is as free 
from local currents as if it were a plate of chemically pure zme. It is 
net affected Evy the acid while the current is turned off, and there 1s no 
useless consumption of zinc while the battery is in operation. An easy 
way to amalgamate zinc is to dip It in hydrochloric acid, and after 
drying it, to rub a few drops of mercury over its surface with a cloth. 
In the ease of a cell in which the zine is not amalgamated, the local 
action which takes place on open circuit, 7. ¢., when the wires are 
disconnected, is seen only at the surface of the zinc, where 3 consump- 
tion of the metal occurs and there is a liberation of hydrogen gas. ‘l he 
power generated by the consumption of the zinc on open circull 
wasted as heat, the temperature of the acid rising In proportion to the 
activity of the effect upon the zinc. ais 
The Component Parts of a Voltaic Cell.—A voltaic cell consists 
of two plates of different metals or a metal and some other substance, 
called elements, and forming a voltaic couple which are dipped into 4 
Suital ie Aid ealledl an electrolyte. ana rive Trice to 2m electric current 
when their ends above the surface of the liquid are connected by 4 
conductor of elect ricity. | 
The elernents forming a voltaic couple may be two of the ordimary 
metals or a metal and carbon or two liquids or even two rises. EOF 
practiesl purposes the elements are always of the first two classe. 
he electrolyte is almost always a liquid, and must conduct electricity 
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and be decomposed by it. The ends of the elements which project 
above the surface of the liquid are called the poles or electrodes, and to 
them are attached the conducting cords. : 
Onlv one electrode is acted upon by the electrolyte when the circult 
ic closed. This is the case no matter what an affinity the electrolyte 
mav have for each of the electrodes separately. The electrode which 
is acted upon is always the electropositive one; thus, im the case of the 
zinc and copper couple in dilute sulphuric acid, only the zine 1s acted 
upon, and eventually the zinc i entirely consumed and the acid changes 
to a solution of sulphate of zine. If, on the other hand. the two ele 
ments had been copper and graphite, the copper would have been 
the electropositive element and would have been the one to be acted 
upon. Any metal in the electromotive series! is electropositive in 
relation to a metal occurring later in the lst. The direction of the 
eurrent through the electrolyte 1s Irom the electropositive element to 
the other. This is the direction of the positive current. Outside of 
the liquid, however, the positive current 15 continued from the copper 
to the zinc, so that the COD DET forms the positive pole of the battery 
and the zinc the negative pole. This ts a little bit confusing, but it is 
none the less the fact that the electropositive element forms the negative 
pole of the battery as far as the external circuit is concerned. 

When the two poles are connected outside of the fluid by being 
touched together or by a direct conducting cord with practically no 
resistance, the battery is said to be short-circuited, and the maximum 
possible current will flow. Some batteries give a very strong current 
on short-circuit, and rapidly become exhausted, while others do not 
yield much more than their normal current and will run fora long time. 

The circuit 15 closed when the two poles are connected outside the 
fluid by a conducting path of any kind whose resistance may be very 
small, as in the case of a short-circuit, but is ordinarily quite consicer- 
able. It is in its passame through this external resistance that the 
work of the current is performed, and that the power generated in the 
battery is utilized. It is explained on p. 128 that this external resist- 
ance may be of two kinds—ohmic resistance akin to friction, and 
reducing the amount of current by converting part of the power rt 
represents into heat; and inductive resistance, by which part of the 
current strength seems to disappear in consequence of a counter electro- 
motive torce induced by the current’s flow. The force which causes the 
current of electricity to flow through the liquid and through the con- 
ducting path outside the liquid is called the efectromofive force, or the 
difference in potential between the two poles. 

Practical Types of Single-fluid Voltaic Cells.—The bichromate 
cell contains an electrolyte made by dissolving one pound of bichromate 
of potassium in ten pounds of water to which two and a half pounds of 
concentrated sulphuric acid have previously been slowly added. The 
elements are zinc and carbon, both surfaces of the zine being utilized by 
Placing it between two carbons. The zinc should be raised from the 
liquid when the battery is not in use. Such a cell has an electromotive 
force of about 1.95 volts, and makes an excellent cautery battery. 

The Smee cell consists of dilute sulphuric acid as an elect rolyte, 
with a plate of silver between two of zine. It is an excellent cell for 

' Electromotive Series.—Zinc, cadmium, tin, lead, iron, nickel, bismuth, anti- 
mony, copper, silver, gold, platioum, aod graphite. 
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all kinds of electrotherapeutic purposes. It has heen extensively used 
for telegraphy where the requirements are much the Same as in mienctic al 
work, 1. ¢., the elements do not have to be raised from th 1 wh 

tin use and the battery is alwavs ready to 
the cireuit 1s closed. ‘ tat 


z C heyuid when 
— ae é yield a full current when 
lo lessen polarization the surface of the silver 
beak | 7 ” = = 2 tke 7 ne . wot 
= roughened or coated with finely divided platinum. Each cell yields 
about 0.65 volt. Ht is 
Practical Types of Double-fluid Voltaic Cells.— The 
consists of a carbon rod, the positive pole, in strong nitric 
porous cell; and a hollow eviinder of zine, the ne 
sulphuric acid in the large outer glass cell. 
is about 1.95. 


Bunsen cell 
: acid inside a 
gative pole, in dilute 
The voltage of each cell 


ik | 5 cf = _s = “ | r ; 

Lhe Grave cell is similar to the Bunsen, but in it platinum is used 

instead of carbon. . 
The Oonrell cel6is a standard one. 


: beteg A 1 OCT electra ral is in P| porous 
cell filled with a satura 


A tur: ted solution of sulphate ot copper, and forms the 
positive pole. It is in the form of a hollow copper cylinder with a 
copper cullender at the top full of crystals of sulphate of copper. The 
ring forming the negative pole is in the form of a hollow cylinder sur- 
rounding the porous cell, and is immersed in dilute sulphurie acid 
ontained in the outer glass jar. The voltage of a Daniell cell is about 
72. When the battery is in operation, metallic copper is deposited 
on the copper electrode instead of hydrogen gas, and this aids rather 
than interteres with the current. 

The gravity cell uses two fluids, but depends upon their difference 
in specific gravity to keep them separate. The copper element is at 
the bottom, surrounded by crystals of sulphate of copper, and the zine 
element is at the top, surrounded by a solution of sulphate of zine, which 
is much hehter than a saturated solution of sulphate of copper. When 
in operation, the zine 1s acted upen and removes acid radicles from the 

ion of sulphate of zinc; at the junction between the two solutions 
‘deficiency in acid radicles in the zinc sulphate solution is made up 
by the abstraction of acid radicles from the copper sulphate solution, 
and at the surface of the copper electrode the deficiency in acid radicles 
results in a deposit of metallic copper. This battery is especially useful 
when a continuous current is required for long periods of time. It 15 
only necessary to drop in crystals of sulphate of copper until the zinc 
is entirely consumed, when, of course, that also must be renewed. The 
two fluids will mix by diffusion if the battery 1s not used for some time, 
and in that ease it may be started by pouring in a little dilute sulphuric 
acid or zine sulphate solution. When the battery is first started, 1t 16 
only necessary to place the zinc and copper elements in position, fill 
the yar with water, and throw in a handful of crystals of sulphate ol 
copper. If placed on short-circuit, the current will soon start, and the 
action of the acid radicles upon the zine element will soon result im the 
lormation of an upper layer of zine sulphate solution. i age 7 

Double-fluid Cells with a Solid Depolarizer.—The LeClanché cell 
uses a solid depolarizer consisting of a mass of carbon anc oxide of 
manganese tightly packed around a copper or carbon plate inside a 
porous cell which is sealed by a layer of pitch poured over the top. 
The other element is a small zine rod in the outer glass jar, one-third 
full of a strong solution of sal ammoniac, chlorid of ammonium. This 
if a favorite type of cell for electric bells, because it requires very little 
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eare, and although it polarize: quickly, it soon becomes depolar ized 

again by the combination of the active oxygen in the binexid of 

manganese with the liberated hydrogen gas. It forms a battery which 
ble for most medical purposes. It is always ready to yreld 

. but not ue any great length of time. Aceording to Hous- 

ay 4 be 


ton. a Let lanché cell hich has apparently become ex xhausted may 


u 
t te] 
a ret 


made to wield a rood current again by wash ing it out with dilute muriatt 
acid, and then set tin gi up again with a fresh charge of sal ammoniac. 
The electromotive e of such a cell 15 about 1.40 “volts. 

The Edisen-Lalande cell has zinc and copper 
elements with a single fluid and a solid depolariser. 
The copper plate is coated wit oxid 
of CcOpper, ahs h absorbs the nvd roOgen Fas hiberat “tf 
during the action of the cell, and is to a corre- 
pee extent converted into metallic copper. 
There are two zinc plates alongside the copper ee 
and the electrolyte is a solution of caustic pots 
or caustic soda in water. A layer of paraffin oil 
18 poured o over oe top of the liquid to prevent the 
Carhonic Po he id the sir irom i ‘orn! ‘ITI LF with the 
soda or tah of the electrolyte. The electromo- 
tive force of a cell of this type ts 0.66 volt. 

The chlorid of silver cell contains a zine and 
silver couple in electrolytes of fused chlorid of silver 
and sal ammoniac. Each cell gives a voltage of 
about 1.03. It 1 a type which 1s very serviceable 
for medical purposes, and is usually set up im a 
series battery so arranged that from one to the 
entire number of cells may be used. It ts a battery 

| which produces a-small current with high electro- 

Fic. 65.—LeClanché- Motive force. It is hardly a pract: yaa type of 

cell. battery for cautery or any other purpose req liring 

a heavy current. Some other type of voltaic cell is 

better in this way, or a storage battery of several cells in series, or, 

still more convenient, the electric-lighting current with a suitable 
translormer and rheostat. 

Clark’s Standard Cell.—For measuring the electromotive force of 
a voltaic cell a certain absolute and definite standard is necessary for 
purposes of comparison, and this is found in the current produced by a 
Clark's cell. There are some others which can be used in the same way, 
but it will be sufficient to deseribe this one in detail. It consists of a 
sealed glass tube with silver wires leading in at top and bottom and 
containing a positive mass of pure mercury covered by a paste of 
mercurous sulphate and zine sulphate, and a negative mass of pure 
zinc. No hydrogen gas is liberated, and this is the reason that the tube 
may be hermetically sealed. The paste forming the electrolyte is made 
by b ling mercurous sulphate in a saturated solution of zine sulphate, 
and should contain enough of the solution to keep it semifluid. The 

cell remains ready for use for a long time. Its electromotive force is 
L457 volts. | 

Fleming’s Standard Cell.—This 15 another cell which gives a very 
definite electromotive force, and which may be used for measuring an 
unknown voltage. It is made of a U-shaped tube in one arm of which 
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i¢@ the zine electrode in a solution of sulphate of zinc, while the copper 
electrode is in the other arm in a solution of sulphate of copper. Its 
notential is 1.074 volts. 

- (Cerrections must be made for temperature with either of these 
standard cells. The voltage of the Fleming cell, for instance, diminishes 
0.08 per cent. for every degree Centigrade of elevation in temperature. 
The Cadmium Cell.—A cadmium cell is another standard cell. 

and has recently taken the place of a Clark cell for measuring the 
electromotive force of different voltaic cells. The negative electrode 
consists of a mass of cadmium amalgam fused on to the end of a platinum 
wire. It is in one Vertical arm of a glass cell shaped like a letter H. 
The cadmium amalgam 1s covered with a loose mass of crystals of 
sulphate of cadmium, and above that 1s the reneral electrolyte. This 
is a solution of sulphate of cadmium, and 1s the same in both vertical 
arms and in the horizontal junction of the glass cell. The positive 
electrode is a plate of amalgamated platinum fused on to the end of a 
nlatinum wire, and covered by a paste of sulphate of mercury, which 
fills the lower part of the other vertical arm of the glass cell. From 
these two electrodes fine glass tubes lead through the paraffin wax and 
cork and sealing-wax, which hermetically seal the cell at the top of the 
two vertical arms. The two fine glass tubes contam metallic mercury, 
hy means of which the conducting rods are placed in electric contact 
with the positive and negative electrodes respectively. The advantage 
of ¢his cell over the Clark cell 1s that 1t re- 

quires practically no correction for changes | + 

in temperature. 

The Chlorid of Silver Cell—De La 
Rue’s (Fig. 66).—Each cell consists of a 
elass vessel, g, g, about 6 inches high and | 
inch in diameter, closed by parafhin wax, 
P. W. The two electrodes are of zinc, z, 
and silver, s, and the latter is wrapped with 
paraffin paper to prevent it from coming into 
contact with the zinc, smce the battery 12 
especially designed to be portable. The elec- 
trolyte is one part chlorid of ammonium and 
forty parts water. The zine isthe element _ Tori ae a 
acted upon during the operation of the bat- Fiz- 66.—Chlorid of silver eet 
tery, and when the battery is not in use, the 3 
zinc becomes covered by a eoating of oxychlorid of zine, which reduces 
the flow of current technically by increasing the internal resistance 01 
the cell. This does not occur if the cell is in frequent use, OF if the zinc 
is taken out and scraped. Less of the oxychlorid of zine 1s formed 
if the cell is hermetically sealed. In any case the full strength of the 
cell is elicited by a few seconds short-circuit in the case of a cell which 
has already heen in use, or by fifteen minutes short-circuit if the cell = 
entirely new. The internal resistance of a cell of the size deste 
here and with a zine rod 3, inch in diameter is three or four o so 
The electromotive force is about 1.03 volts. The wire connected Ww 
the zinc rod forms the negative (—) pole in the external circuit. 
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Testing the Porous Cell in a Voltaic Cell.—The porous cells used 
in batteries may be tested in two ways: by actual use in a standard cell 
‘British Government test), or by filling with distilled water at a tem- 
rerature of 14° C., and seeing if the leakage in twenty-four hours 
amounts to at least 15 per cent. (French Government test). 

Precautions in Mixing Battery Fluids.—When mixing battery 
duids containing sulphuric acid, it 1s very essential to pour the acid 
slowly into the water. Heat is produced by mixing these two fluids, 
and if the whole quantity of acid is subjected at once to the action of 
water. the glass jar or cell will certainly crack. 

Dry Cells —The so-called “dry cells” of modern commerce differ 
in no essential respect from an ordinary zinc-carbon voltaic cell. The 
mount of fluid, however, is small, and it 1s held in some absorbent 
material like sawdust, or it may be in a jelly-like mass. The outside 

of such a cell is generally a zime contaimer which forms one electrode, 
while the other electrode is a rectangular carbon rod around which 
the electrolyte is pa ked. The can is sealed by a layer of asphaltum 
to prevent evaporation of the electrolyte. ee 
Batteries of drv cells set up in series are very convenient for actuat- 
‘ne a faradic coil or for the lighter forms of electrolysis and galvanism. 
Thev are not very well adapted to cautery purposes or to PTay work. 
Férv’s recently patented dry cell is claimed to give quite a constant 
current. The positive pole is formed by the gine can cOntaInIDE ae 
other parts of the battery. There ts a bottom layer of porous meres 
such as infusorial earth, cotton, or powdered pumice-stone, MOoISstenet 
with such a liquid as a solution of sodium sulphate. The zine 1s eee 
with blotting-paper or felt. The carbon positive electrode ib esos 
in the upper part of the jar, and surrounded by a depolarizing Subst ate 
such as a mixture of graphite and mercury sulphate made into 4 Past 
with sodium sulphate solution. @: ier 
Expense of Electric Power from Voltaic Cells.—The amount 0! 


- : ‘ . ao r one 
zinc consumed in a voltaic battery has been cale ulated to be for 
ano 


2A de > - he electro 
horse-power for each hour; - Ez pound of Zinc, E being the ee 


a ; J i " iF Fs j a to be 
motive force of one cell in volts. About two pounds of att se pacer: 
consumed per hour to obtain one horse-power from 4 ¥© my: run 
This is very much more expensive than burning coal, oul, or BS 


adynamo and produce the same amount of electric aan re gees 
siderable power 1s required for any length of TIIMe-. eae ‘more 
conditions, in electrotherapy, however, the voltaic battery ve jable 
economic—when only a small amount of power Is required at ian .. 
periods, and only for a short time, and when a portable app 
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required. Even under these conditions, 1f there is a dynamo current 
present for other purposes (light or power), it may often be employed 
witn economy for medical purposes. It certainly makes it much easier 
to keep the apparatus in running order. ; 

Method of Measuring the Electromotive Force of a Voltaic 
Cell.—This is usually accomplished by means of an apparatus called 
the potentiometer. This is essentially a balancing of the electromotive 
force to be measured by the electromotive force existing in a conductor 
through which a current is fowing. This means that the electromotive 
force in the wire through which the current is flowing is opposed to or 
acts in | opposite direction from the electromotive force of the cell 
which is being tested, and being equal to it, prevents the passare of 
any current either to or from that cell. The arrangement 1s Ean ini 
Fig. 67 (Lehfeldt; Electrochemistry). A uniform wire a—b is stretched 
tightly over a scale, usually a meter long, and 18 supplied with current 
Irom & uniform source, which may be one cell of a storage battery or 
one of the standard Clark or cadmium cells: then there will be a fall of 
potential of about two volts from the end a, which is connected to the 


* 


Fig. 67.—Potentiometer. 


POSITIVE electrode of the standard battery to 6, which is connected with 
the negative pole. If, now, a cell to be tested, C, whose electromotive 
force is less than two volts, be connected with its positive terminal to 
a, and its negative terminal to some point, x, of the wire, a current will, 
In general, flow through it, and may be detected by the galvanometer, G. 
But if z be slid along the wire. a point can always be found, such that 
the current through G vanishes. ‘This is when the potential difference 
irom @ to x is equal to the electromotive force of the cell: if contact be 
Tae to the left, of this position, the galvanometer current will be in one 
direction; if to the right, in the opposite, hence it 15 easy to find the 
point of balance. Now substitute for C a standard cell, 5, and repeat 
toe aul Justment, obtaining balance at, say, y. Since t is the current 
flowing through the wire, we have, by Ohm’s law, that the potential 
difference between two points of it is equal to i multiplied by the 
resistance between those two points. Consequently— 
Electromotive force of C—1 * resistance of ar 
Electromotive force of S=t % resistance of ay 
and Tlectromotive fores of C _ resistance a= 
 éElectromotive force of S resistance ay 
but if the wire has a uniform resistance, the resistance is proportional 
to the length, hence the ratio of the two electromotive forces can be 
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found by merely measuring the length, ar and ay. This is the simplest 
form of the potentiometer, and for actual use it 18 usually not made as 
4 single straight wire, but as one or more coils having different resist- 
ances and with a sliding contact by which these different resistances 
can be placed in the circuit and accurately indicated. 

For less preciae measurement of the electromotive force of a voltaic 
cell a galvanometer with a certain resistance may be used, and this 
may be marked in amperes or volts. In either case the instrument may 
be only the size of a watch, and is invaluable for such purposes as 
testing the condition of a dry cell which has been kept in the shop some 
time before being sold, and perhaps may have been exhausted m con- 
sequence of some accidental contact. 

The Internal Resistance of a Voltaic Cell.—The current from 
the zine to the copper through the dilute sulphuric acid in the simple 
cell which we have described encounters a certain amount of resistance. 
This internal resistance varies with the different cells according to 
the component parts of the cell, the electrodes, and the electrolyte, 
and also with the size of the cell. It is usually equal to two or three 
ohms. There are two perfectly easy wavs of determining it. One way 
is to connect the poles of a single cell with a galvanometer and note the 
strength of the current; then connect two such cells in multiple, for 
instance, both zines with one conducting cord, and both coppers with the 
other: this reduces the internal resistance one-half, and this reduc- 
tion 1s measured by introducing a variable amount of resistance 
by means of a rheostat, and increasing this until the galvanometer 
indicates the same current strength as when only one cell was used. 
The increased resistance required is equal to half the internal resist- 
ance of 4 single cell. ‘The formula for this calculation depends 
upon the equation == , Indicating the law discovered by Ohm that 
the current is equal to the electromotive force divided by the total 
resistance. The current is expressed in amperes, the electromotive 
force in volts, and the resistance in ohms. The resistance in the case 
we ure considering is made up of two factors—the resistance of the cell 
itsell, KR, and the resistance of the galvanometer and the rest of the 
external circuit, r. Using a single cell, therefore, the equation would read 


fi = = and if the additional resistance required to keep the same 
Curent strength in the case of two cells is L, then the equation would 
read C=, * Ty? and since the strength of the current C is the same 
In both cases, L | R. The other method of measuring the internal 


= 
it 


sistance of a voltaic cell is by means of the Wheatstone bridge, an 
account of which is given on p.173. The knowledge of the internal 
resistance of a voltaic cell is of value as one of the factors in the calcula- 
ton of the number and arrangement of cells for sending a certain 
humber of amperes of current through a certain number of ohms’ re- 
a LATLne, 

The Original Voltaic Pile.—Volta, professor of natural philosophy 
at Pavia, in 1796, devised the electric battery, from which all those so 
‘ar referred to as sources of dynamic electricity have been evolved. 
it consisted of a series of two different metals, piled one upon the other, 
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and separated by cloth or paper moistened with an electrolyte. The 
metals were sometimes silver and zinc, and the electrolyte, water of 
salt and water; and in other cases zine and copper were used with dilute 
id. The current was produced by chemuic action and there was no 
rinciple involved which has not already been explained in describing 
he modern types of voltaic battery. At the upper and lower extremi- 
ies of the pile the two poles of the battery were formed by dissimilar 
metal disks, Fach pair of dissimilar metals scparated by the cloth 
moistened with the electrolyte formed the equivalent of one of the 
rHMiern voltaic cells, [n the pile the ZING element ot OF. couple Was 
in direct contact with the copper element of the next couple, the succes- 
sion being zinc, moistened disk, copper, Zine, moistened copper, ete. 
It formed a series battery the voltage of which could be raised to anv 
reasonable amount by increasing the number of disks, but the quantity 
of current was very small. This type of bat tery 18 not in use to-day 
for medical work. 

Dynamic Electricity from the Contact of Dissimilar Metals.— 
Iwo dissimilar metals merely placed in contact in the air will produce 
an electric current, but this is most powerful when one of the metals 
ig oxidizable and when they are dipped in a good electrolyte. According 
to Volta’s observations, any of the metals mentioned in his contact 
series becomes electropositive when in contact with any one below it in 
the seale. Start ing from the positive enc of the scale there are sodium. 
magnesium, zinc, lead, tin, iron, copper, silver. gold, platinum, and 
graphite. The voltage obtained by Volta by the contact of zine and 
lead was 0.210; tin and iron, 0.313; even cork in contact-with platinum 
produces an electromotive force of 0.113 volt. Two different metals 
in contact in the air generate electric currents whose voltage 1S given 
in the following: 

Contact Series af Metals in Atr.—Each metal is + in contact with all 
following: Sodium, magnesium, zine, lead, tin, iron, copper, silver, 
gold, platinum, graphite. Contact E.M.F. in volts: For zinc-lead., 
0.210; lead-tin, 0.069; tin-iron, 0.313; iron-copper, 0.146; copper- 
platinum, 0.238; platinum-carbon, 0.113 (Ayrton and Perry). 

Heating of Voltaic Cells—The amount of heat generated in 
4 voltaic cell depends upon the chemic constitution of the cell, not 
simply upon the current strength. This is shown in the cases of the 
cadmium cell and the Clark cell. Both are standard cells. They 
eenerate a perfectly definite electromotive force, which is used in 
measuring electromotive forces and resistances. The cadmium cell 
Benerates thirty times less heat than the Clark cell, and undergoes 
comparatively little change in electromotive force while in operation. 
This constitutes a great adv antage over the Clark cell, in using which 
the temperature changes must be measured and their effect upon the 
electromotive force calculated. 


THERMO-ELECTRICITY 
A difference in potential is generated when the junction between 
two different metals is heated or cooled, and this will produce an elec- 
tric current if the two other extremities of the metals are connected by 
a wire. This property may be used to generate electricity for medical 
purposes, and a large number of such couples will give a current of 
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high potential or of great quantity, according to whether they ar, 
arranged In series or in parallel. As long as a difference in temperature 
is maintained, so that the junction of the metals is eather eaeos re 
cooler than the distal parts of the metals, a current will flow Co ioe 
rating the theory of the conservation of COereyY, & certain, winrar? f 
energy in the form of heat must be applied, and disappears as het t 
reappear as electricity. : - at, to 
A thermo-electric pile or battery is not convenient for thera ats 
purposes, but 1t may be used as a very delicate thermometer, pen 
A wire of one metal is bent into an mverted 
U-shape, as in Fig. 68, and others of another 
A dere to its two ¢XT remities. Place 
ing one of these junctions in a disk of melting 
ice whose temperature is, of course, known to be 
exactly 32° F., and the other in a solution whose 
temperature 1s to be tested, a current of elec- 
tricity will flow through a galvanometer con- 
nected with the free extremities of the outside 
wires lf there is any difference in temperature be- 
tween the two solutions. The calvanometer devi- 
ations corresponding to different temperatures 
must be determined by the manufacturer of the Fig. 6%—The thermo 
apparatus and marked upon a scale. This fur- electric thermometer. 
nishes very delicate measurements of the tem- 
perature of any part of the human or animal body, to which one point 
is applied while the other point is dipped in melting ice. The exact 
temperature of any part of the body may be determined im this way. 
Thermo-electric Scale.—In connection with lead, at 2 mean tem- 
perature of 20° C. (Matthiessen), the E.M.F.’s are in microvolts per 
degree centigrade: 
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STORAGE BATTERIES OR ACCUMULATORS . 
Theen are cells which, after being charged by the electrolytic action 
Lhe - ret se through ‘hem. act exactly rH do che ordinary 
ma galls They re of service where there is & dynamo OF similar 
urce of electric Current. which Ls e1ther pata! available At «| hours, or 
which is hable to derangement, ani also when 2 portable outfit is 
required. ‘The general principle upon which all storare batteries work 
1s ilhust rated in the case of one of the older types made by the rhompson- 
Houston Company. It contained a COpper electrode at the bottom, in 
nm of sulphate of zinc. with 2 21M electrode near the top. A 
current of electricity from a dynamo or from 4 primary battery was 
nassed through this cell from the copper to the zinc. This decomposed 
the solution. depositing metallic zinc upon the zine plate, and by dig- 
solving away the copper from the other electrode, produced a concen- 
trated solution of sulphate of copper at the bottom of the cell. The result 


formation of a regular Daniell cell of the gravity type, with 


Y — 
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ob T ay | Le al 
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Was the i 
- electrode at the top, the copper at the bottom, and the two 
ries, sulphate of zine solution at the LOD, anil sulphate ot copper 

at the bottom, kept separate by their difierence m specific 
eravity. This battery was then ready to give a current when the 
external circuit was made between the two poles. The direction of 
the current of discharge was the reverse of that of the charging current, 
so that the copper became the positive pole, just as in an ordinary gravity 
battery. The current-yield would continue, while the external cureuit 
was closed, until the solution of sulphate of copper had again entirely 
changed to a solution of zine sulphate. The battery could be recharged 
by passing an electric current throuch it in the same way as at first. 

And this alternate charging and discharging can be repeated a large 

number of times, though eventually the electrodes are worn out and 

the electrolyte also needs renewal. While charging such a storace-cell, 
metallic zinc ts deposited in a loose form, and a diaphragm is needed to 
keep it from falling to the bottom of the solution. 

; The Planté storage Battery.- The Planté cell is the original upon 
Which the other modern SLOTac%e batteries are moleled. In t turo thin 
sheets of lead separated by a fraction of an inch are coiled together, 
securing 4 very large extent of surface and a small distance at all pomts 
bet ween the adjacent surfaces of the two plates. They are set in 4 jar 
a dilute sulphuric acid, and ET conducting Corl is attached ta each 
piate. In this condition no current is produced on closing the circuit, 


because both plates have exactly the same affinity for the electrolvte 


and no difference in potential exists. The battery is charged by passing 
a current of electricity through it. Electrolysis or electrochemic 
decomposition takes place, by which the lead plate eciieeeben erie 
wie nezative source of electricity becomes coated with finely divided 
metallic lead, derived from the action of the ari: upon the other plate. 
And the SuTiace of that one becomes converted inte Tedd lead or peroxid 
ol lead. At one pole, then, with the storage-cell fully charced. we have 
metallic lead, Pb. and. at the other, Ph),. Removing the battery 
from the charging current, it is ready to act like an ordinary voltaic 
bat Lery,, and yields 8 @urrent when its two pm les are connected thors uch 
an external circuit. The pole on which the PbO, (red lead or peroxid 
of lead) has been deposited becomes the positive pole of the battery, 
and the current in the external cireuit fows from this to the other pole. 
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OF 
» the liquid electrolyte of the hese. .c . 
,ucd from the Pb to the PRO ty of course, the current is con- 


ii of the discharge of a sto = i¢ Teaction occurring as the total 
oe ure COP attery = a ' OE 7 c Nl 
7H,0, and during the proc tery is Pb + PbO, + 2H.SO, = 2Pb- 


charging or recharging the same 
reversed: 2PbSO,+2H.0 = Pb- 


In of her words, during the discharge, the metallic | 

| the peroxid of lead on the other both vield to tl 
Jphurie acid and are converted into 
[4 heomes weakened, and solid 


cess of 


equation ’ holds rood, but would be 
| Lif bbe 2HISO,. 


ean on one plate 
1¢ influence of the 
o sulphate. The dilute sulphuric 
mee tee . sulphate of lead is produced. It is 
never desirable to allow 4 Storage battery to become completely dis- 
areed, all the peroxid of lead disappearing, both Plates becoming 
onverted Into PbO, or litharge, and the electromotive force falling to 
ors, In this condition it receives a charge much less readily and 
cifectually than if one plate still had a considerable coating of peroxid 
i lead. For the same TEéS5On, when first making a Storage battery, it is 
vferable to apply a thick coat of peroxid of lead (red lead) to one or 
oth of the lead plates, the battery then “forming’’ much more quickly. 
More closely analyzed, the reaction in a storage battery during its 
‘seharce consists partly in the formation of about equal quantities of 
solid lead sulphate at each pole, and a reduction oi the strength of the 
.oi oeeurs at both poles, but is more marked at the positive pole. One 
ult of the discharge is seen at the anode, where the lead combines 
+h a sulphion to form sulphate of lead, and transfers a negative charge 
.f electricity to the liquid in the direction of the cathode. The equation 
) = PbSO,+2— expresses the reaction occurring at the Lia oehy 
nole. The reaction at the eathode is expressed by the equation PbO.+ 
H.S§0,.2H. 2— —PbSO,4+2H,0, which indicates that pigciaae oe 
th sulphurie acid and AN 4 — a negative charge, result m th 
‘orrmation of sulphate of lead and water. rm =e 
- When the cra eke. 1S pee charged, the same equations also 
id good, but are simply Teversed. = coo cell eools sliehtly 
With the strength of acid ordinarily usec. a storage-cell cO0ls OE he 
while vielding a current. The full explanation eck a hs Daniell cell 
‘he case instead of the Auid becoming warm, 45 ™ F cee are that ‘the 
; bevond the scope of the present book. ar : nbeg id and solid lead 
final results of the ehemie change are much wea’ vorage-cell is very much 
-ulphate, and that the internal resistance of 4 setae ctorase battery 
stiller than that of an ordinary voltaic o pat dition of being quite a 
is being recharged, the electrolyte cet the process should be continued 
strong solution of sulphuric oo ie elec olyte, which becomes 
wil gases are freely given off fot? he Olsoes are hydrogen and 
Pt ae ho peeoeen of a spark or flanve would soy: slarenes 
l he lanes bubbles are hydrogen, the grees ses Ps much stronger 
acid employed usually has 4 Seay sates evaporates, distilled bibl 
than “dilute sulphure Lavi is about no change in the Spar dine peeks 
is the best to add, because It * .  aamtaing® an Amount OF Coles 
of the electrolyte, while ordinary water So he efficiency of the cell. 
sufficient, Se a cattery iO aide up of grids, which are molded 
The modern storage bat ery nan a it: 
forms rae pen hardly more than 2 [ral 
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is “pasted,” or thoroughly filled under hydraulic pressure, 
q Vaetn of Fr j Lani Th cut m dbetanes a | al all h a i ey 14 rect iviit 
| DaSste OF Tet Ifa ch SOM SUDSTANICe Which wi ree fh | 


by the weak sulphuric acid, and 


aby e? ch fH TOUS TASS PIES rnting & re ‘l= 
ak ey ory laTrce prieracas of pe roxiul aol i Vet Eh i fa xpos | te he LE rTi Li a ant id Ti. 


The other erid is Sle in the same way with spongy lead. ‘The 


ACTIVE 
suriaces presen vee ire he ut 200 or 400 Square inches per pound. 
method of comstr etion also prevents the: Se erat m of the active Laver. 
: wurtaces of tha positive : ANC ners itive FricLs are prscen very eli ati 

PE, being Kept rnin 


° m actual contact by 
with numerous perforations, 


‘Ths 


a OOTTUPAT el ah eet of | 


1 p= 
os om 


cl 
anil alsin by i. tf HID piece cnt 
The latter, under the action of the acid, becomes 30 pet 
porous, but still has such fine pores that it effectually prevents the 
formation of alead tree. The latter is a sort of crys stalline mass of lead, 
looking like the familiar Christmas tree, which would have a tendency 
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AAP Be ee 


Fie rin; Storace eel] in parts, (National Battery Lo.) 


to} Lorm between 


two lead plates in 
in 


a storage battery and very great lv 
teh y the effiieie ey of the hz; attery. 


A storage battery Is us sually miacle 
up with three i sitive and two nerative grids in each ¢ 
not increase the volt: 


a 
Only 


This does 
age of the cell over what woul be t he case with 
One miata Of <a kind.- It does, however, increase the Amperage 
and does so in & manner more economical in regard to size and weight 
than would be the case with a eingle pair | correspondi ngly larger plates. 
Five such cells would have a potential of about 10 volts, anc d would 
five a current of about LU ampe res, through a resistance of 1 ohm, for 
about ten hours continuously, or as the total of several shorter periods. 
A battery of this capacity weighs from 100 to 200 pounds. 

The chlorid type of storage batterv, made by the Electric Storage 
Battery Comp: ny, employs antimon y erids, with buttons of peroxid 


of lead on the negative and of metallic lea jon the POStIVve ft Hate. Each 
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eel] ppg erie dict: positive and several negative plates, and a cell 
i 7 ba Teh) an 7 r = = = ae = a i i | 3 . . 
1G ncn ae and weighing, when filled with 40 pounds of weak acid. 
ein | ih] F 5 = aap = : ’ i 
136 pounds, will give 25 amperes for eight hours or $4 amperes for four 


hours, 


2, OF «A amperes for three hours, or 100 amperes for one hour 
Its potential is only 2 volts, and to obtain the heavier currents it ia 
neces to have Several such cells connected up in series. 

The Edison storage battery has positive and negative plates of thin 
nickel steel, wit h perforations in which the active material is consol dated 
under hydraulic pressure. The surface of the positive plate % made 
up of p mwidered peroxid of nickel mixed with powdered praphite; the 
negative plate contains powdered oxid of iron and graphite. The 
clectrolyte is an aqueous solution of caustic potash. Passing a current 
through the cell in order to charge it converts the positive plate into 
hyperoxid of meckel and the negative plate into spongy metallic iron. 
After discharge the grids are covered with peroxid of nickel and oxid 
{ iron. There are a number of plates in each cell; tts voltage 16 1.4, 
and it is a much lighter cell than the lead storage-cell. 


Faure’s Accumulator.—A single cell consists of two lead plates 
coated with a paste of mintum (Pb,O,), with dilute sulphure acid 
(H,S0,). The coated piates are covered with felt or cloth, to prevent 
eontact with each other, and are rolled up together and immersed 
in dilute sulphurie acid. The following reaction takes place m both 
nites before the application of any current. The sulphuric acu acts 
non the minium:  Pb,O,+2H.S0,—Pb0,+PbS50,+2H,0. If a 
-jarging current from a battery or dynamo is now apphed, there is the 
Fill wing result at the plate eonnected with the positive wire from the 
ynamo: PbSO,+H,O+O=PbO,4H80,. In other words, the elec- 
-rolytie liberation of oxygen at the positive electrode results m a complex 
reaction, producing an additional deposit of PbO, and an increased 
amount of H.SO, At the plate connected with the negative wire irom 
he dynamo a contrary effect is produced. It is one of deoxidation, and 
the PhO} and PbSO. aTe both reduced to SpOoney metallic lead; the other 
wets there being H,SO, and H,O. After being completely charged, 
storage-cell is capable of giving 4 current of electricity the two 
nlates are connected by means of an external circuit. The current 
will be in the opposite direction to the charging current, and has an 
electromotive force of about 2 volts. The reaction at auch plate during 
discharge just reverses that occurring while the battery is being charged: 
The care of a storage battery consists chiefly in chargins and 


= 
. 


a v 


recharging it, seeing that it does not become short-circuited, and that 
nip eg nse eee eet re pe 
the fluid is maintained at the original quantity and strength. 


Charging a Storage Battery-— Fic, 70, A, shows the connections 


ra 
to be made when the storage battery 1 charged from the ne hire 
lirect incandescent light cireuit. From the positive wire the curseh” © 
led across a fused kaife switch to a bank of four 10\c- p- 7” 
dezeent lamps, aTranged mm parallel, and acting 4&5 4 Pesistance, cs att 
only the desired current strensth of three amperes or 50 aay eee 
through the storage battery. From t he bank of incandes« uy ees 
the positive current is led to the positive pole of ws ee onl . ‘ot the 
(connecting the positive electric-light wire with the ne yee 
storage battery would produce damage), and thence mechan as : ce 
knife ewiteh to the negative electric-light wire. lt takes abou 
hours to charge a storage battery. 
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Fig. 70, 8, shows the arrangement for charging a storage battery 
from the 550 volts direct current of the trolley-car system. The 
difference to be noted is that the bank of incandescent |: Amps consists of 
hve parallel serves of five 16 c. p. meandescent lamps each. This results 
in the same current strength reaching the positive pole of the storage 
battery, as in the case of the 110 volts direct current controlled bythe 
single lamps in parallel. 


Penile wre 
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, 


OF rea bf teas 
F fe pare 


es 
For 5) wolts dinect Cur rnt 
s from the tinolles: SVEtetH. 


Fig. #0, A.—For 110 voltsadirect current. Fig. 70. B- 


Where the current is supplied by an alternating incandescent light 


circuit of llU or 125 ¥ olts. it 13 nec PSSary Lo hay 7h the Current eh anged 


so a5 to be unidirectional. This is accomplis shed by introducing a 
mercury are rectifier into the circuit between one incandescent licht 
wire and the stor: ee battery, with its bank of lam Ips tO regulate the 
streneth of the current. 


The mercury are reciifier consists of a Vacuum tube with a TeESETVOIr 
of mercury at the bottom which forms the cathode. with whic] 


i DDE 


a ie faeeter cen 


A.C, eer 


Fig. 


71.—Mercury are rectifier (Cooper Hewitt tube). 


wire COnnec: tS and there are two ot her leading-in wires terminating mn 
iron anodes. The cathode in a vacuum tube has a reluctance which 
must be overcome by the disintegration of its surface. And if such a 
tube is simply interposed between the positive pole of the storage 
battery and one incandescent light wire, while the other pole of the 
storage battery is connected with the other incandescent light wire, 
no current will pass. The terminais A and a in the mereury vapor 
Vacuum tube (Fig. 71) will remain as completely insulated as if they 
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ETE pars bec by an inch or two in the (Ten air. The surface of { 
may, however, be disintegrated and A be made to act ag 9 cathiels 
and permit the flow of currents in the direction from a to A. Ane this 
can be done without disintegrating the surface of a, which remain 
incapable af acting as a cathode, and the tube will not transmit PRET 
in the direction from A toa. There are thus transmitted through ‘the 
storage battery & Succession of currents in only one clirection, and care 
i taken to have the connection made with the proper poles of the 
storage battery. This succession of currents may be made an almost 
continuous current by introducing a self-induction coil at F Rach 
time the current ceases to How, an extra current in the same direction 
ductance. The other side of the diagram shows the 
arrangement for disintegrating the surface of the mereury cathode ri 
and keeping it so, and constantly in condition to act as a cathode. 
This is accomplished by hrst Ssencline an Induction spark from the ot a 
anode 6to A, and following this up with a constant current of 3] amperes 
and 14 volts between the same points. A storage battery b supplies 


is Dn vlucecd by in 


A, ‘l " i gars era 


a 
AC _fecomefescm lappa aa, 
Ss 
<< irr de tooo ioe) 
pe SS rn oh oh? cle . _ = 


ee 
\ d | 


L Sidra | 
| flere | 
¥ | 


Pig. 72.—Mercury vapor vacuum tube as a double current rectifier. 


this current, and produces the initial or primary discharge by means of 
a Sell-Incuction col and a quick break switch. j 

_ In the arrangement thus far described there is a direet connection 
between the dynamo circuit and the storage battery which is bemg 
charged; but only half of the currents from the dynamo are utilized in 
any war. 

‘Mg. 2 shows an arrangement by which both sets of currents are 
utilized indirectly by means of secondary induction coils. The vacuum 
tube must be primed, or the current started through it by a spark from 
4 storage battery and a self-induction coil. After that an induced 
current is sent through the vacuum tube from two secondary coils 
alternately. These two coils have the same number of similar turns, 
but in the opposite digection. Currents are excited in one of these DY 
the alternating current in the primary coil. One of the secondary cols 
is connected with one anode of the vacuum tube, on the one hand, ant 
with a self-induction coil and a sti rage battery and the mercury cathode, 
Ft the other han. The other SCton ary eoil forms part of ba similar 
complete circuit starting from the other anode of the vacuum tube. 
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The surface of the mercury is disintegrate | by a spark from the priming 
battery, is necessary, only the sec- 
ondary currents; and their potentia 
presence of the self-induction coils. 
in both directions, but only those in the 
‘pass through the mere 


and thereafter no battery current Is 
ral j kept from falling to zero by the 
ae ‘h secondary coil sends 1 lmipr ulses 
cirectlon IfTom the Tce |e to 
the cat hode An ury Vapor t ube. There are 
currents mn bbis direction practically all the time; when one coil 15 not 
sending one, the other is. 
A similar arrangement 15 used to rectily Ot wuise currents, the trans- 
former having three secondary coils. And Mr. Cooper Hewitt reports 
making a ret ‘tiffer supplying a sys continuous 

it aS per cent. 


ring Stor: Line 


that he has succeeded 1 
current of 30) amperes saa or) volts With an efficienc: Vo 
‘fer for alterna! Lniy currents [or use in chi: 


A mechanic rectifier | 
may consist of a step-down transformer to reduce the voltage 


batteries 


ia.—F lect Pad] Wi 


thie fy ire i ie _ os I rs = 2 : 
ne neure required, and an electric vibrator on the same principle 


: i . : be | ! & ; j 
fs ra ai E leat ri a iF | nis is Pep iy iter an I jet the Cormt Lact is mace only 
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fhe ie times when tne current 1s fav ine in the Save direc tion. such ia] 
od a Us dey iseq by Souler # is Sel Lo Tun pert ‘ectly steacl Ly for oO long 
to become hot like electrolytic rectifiers. It has no 
3 ot a a a and ; CPi darameeet = [ess c urTrent. 
cell os 3 re [ LEP S 1Tre Cry ‘fl = SSThne principle HS the aluminum 
Si Pez Lo Tei ify in alternating CUITEeTIT hor i-TAY work. They are 
sree Aes v VEST and 1 cheapest thing for transforming Pith Pr An “al tern: LbIine 
aa ik i ee] eT 5 a : Pe, 
ned LS! CUTent into a direct current for c harging a Storage batte ry’. 
HT ae Trectit a fey SS. 5 of i 17 ii 
Tk her Cons] C TOUT the SUT num cells” shown in Fig. 
Where three SETS mi j ufi 7 £9, 
P Sets of ferent 21208 are shown. A set of four of the size 
COrmrespondimg iw | ith ti - “TPs i il 1Ze 
i the size8 of the SLOrire he "ELE ry to be ¢ bar veal Are Cor 
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ted, as shown in Fig. 74. One alternating current wire is connected 
octhe lead of one cell and with the aluminum of another. The other 
wire of the alternating circuit is connected with the lead of the third 
and with the aluminum of the fourth cell. The wire which is to deliver 
che pusitive current to the Slorage battery is connected with the alumi- 
num of the two cells, whose lead is connected with the two alternating 
urrent wires. The negative wire comes from the lead of the two cells 
whose aluminum 15 connected with the alternating current wires. In 
regard to any one cell polarization prevents the flow of the current in 
one direction, while offering very little obstruction im the other. At 
each alternation in the primary current cells 1 and 3 take turns in 
allowing a current to pass in the 
rection indicated, and so do cells 
*and4. The fluid used is astrong 
eolution of Hochelle salt. 
A Booster.—In the power- 
houses of the trolley-car system 
the storage batteries are of tre- 
mendous power and are formed by 
a serie: of hundreds of large cells 
and require a preater voltage than 
that of the lime wire to charge 
| So that instead of having 
a Teduced voltare, as in 
establishments, 1t 1s neces- 


- ~ + 


poly a current of in- Fig. ¢4.—Scheme of connection of elec- 


ae This ic d — trolvtee rectifier for the transformation of 
ltage. This 15 done by alternating into continwous current. 


a special rOtarv CONVETLEr OF MOtOr 
generator, which is called a booster. This word bees! is a colloquial 
expression for help up or push up. 

storage-cells may be used in parallel (“multiple”) or in series or a 
combination of the two, just like ordinary voltaic cells. Their large 
capacity and the ability to recharge them constitute very great advan- 


tages for many kinds of therapeutic work. 

_ They are especially necessary when a portable outfit of great power 
Is required as for z-ray work where a dynamo current is not to be 
obtained; also for use where the electric-light current is only turned on 
alter dark and when it is liable to frequent derangement. 


THE PRODUCTION OF ELECTRICITY BY ELECTROMAGNETIC INDUCTION 
For almost every purpose requiring a large amount of electric current 


this is obtained most economically and conveniently from dynamos 
and similar generators. ‘These all depend upon the principle that the 
ietion of a magnet or of a coil of wire through which a current of elec 
ity 1s passing will induce an electric current in a neighboring coil of 

_ It was natural to expect that currents of electricity In one Wité 
‘ould produce currents of the same general sort in another wire, but 


or oe 


it Wit «4 discovery of the rreatest Lmportance when Michael Faraday, 
ih IS31, found that the motion of magnets would generate electne 
CUITEniLS im neighboring wires. This had heen prececlec and was led 
Up to by Oersted’s discovery that a current of electricity in a Wire il 
HiGuce magnetism in a neighboring tron or steel rod. j 

"he relation between electricity and magnetism is most intimate, 
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atus to convert force manifested 
as electricity into force manifested as pe steht ‘3 ph eadblct ars ; pre 
are several important properties which lustrate th ze aifin . 
which are used in the construct ot apparat us for he pr RUC OR, 
measurement, or Tegulation of electricity for medical segs ic 
Directive Effect of Dynamic Electricity upon a agnetic 
Needle.—A current of electricity passing through & wire Causes a 
macnetic needle, like 2 compass needle, to tend t Heeger web peice a 
a right angle to the direction of the current. If the wire is above the 
needle and the current is passing from south to nort h, the needle will 
turn with its north pole to the west. hen the CUITEnE Passes below 
the needle. but from north to south, the needle will again deviate to 
the west. A current passing through a loop of wire from south to 
north above the needle and returning from north to south below the 
needle will produce a correspondingly strong deviation toward the west. 
lf the direction of the current is reversed, the needle will deviate to the 
east. The effect of a current passing through a coil of wire 1s still 
sreater, and in one type of galvanometer the deviation of a needle 
produced by a current passing through such a coil 1s used as a means of 
measuring even the weakest as well as the strongest currents. The 
amount of deviation 1s dependent upon the quantity of the current or 


and it requires only the proper appat 


Its amperage, not on its pressure or voltage, and the current from the 
smallest kind of a voltaic cell may produce a greater deviation than 
the discharge from the most powerful static machine. 


Pig: 75.—Magnetism induced by an electric Fig. 76.—Position of the induced 
um Pesing through a straight wire. mametic poles when a straight wire 
passes under the iron bar. 


a bro stad ran bg eft spon Tron and Steet — 

electricity passes becomes a1 panies ot ies through. which a Current of 

of the steel becomes the north 1. and the question as to which end 

ea ‘ aipecatele saith = nort h pole depends upon the direction in 
Pt Passes from right to left. or vice vers. 


Lr. Wo Te Drese nts the cee = b - 
saree ea Cnts the case of a straight wire crossing above a « 
bar, and the current ; raight wire crossing above a steel 


at acsine in the diese: “ys 
rhe steel bar Kecmeiaaens ig ne a Che direction indicated by the arrows. 
by nt ane 77 nats ma rae with Its north pole SEL the enc indicated 
- ? ay SUG x qe GS : : on 
any other case is shawn ihe ru tis diagram more clearly than in 
pole of an clectromam 4 Je ruth of one rule for determining which 
is that a person = maces the north and which the south The rule 
a ba Te tL Swi bh a seit ie * x | 
of the wire and pari with the current of electricity at any part 
i left hand Fa he i Scclromagnet, will have the nort hh pole at 
h =e the artows indicating the direction we opts 
ig. /6 shows the a Hip - ee SO De reversed. 
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vire crosaes beneath the steel rod and the current flows in the direction 
man DV the arrows. 

Fig. 77 shows the position of the induced magnetic poles when the 
wore forms a single loop passing around the steel bar in a plane at about 
«4 right angle to its long axis. In such a case the rule most readily 
applied is that if one end of the coil be toward the observer and the 
“irrent is passing in the direction of the hands of a watch. then it is 
he south magnetic pole which 1s induced at that end. 

Fig. 75 shows the case of a current passing through a coil or helix, 
his particular one bemg a right-handed or dextroreal helix. The 


Fic. 77.— Position of magnetic poles induced Pig. 73.— Position of magnetic poles 
by current through a loop of wire. induced by current through «a dectrorsal 
helix. 


current in the diagram is represented first and most important as passing 
in the direction of the hands of a watch and also secondly as progressing 
from the end near the observer to the other end. The first fact deter- 
mines the position of the maduced magnetic poles, the south pole beme 
at the end near the observer. 

Fir. 79 shows the case of a left-handed helx in which the current, as 
seen from the left end of the helix, passes in a direction contrary to that 


of the hands of a watch, and consequently 1t 1s the north magnetic pole 


which is induced at that end. In this case the end of the wire marked 
1 may be connected with the positive pole of a voltaic battery, and 


Position of poles induced by Fie. §0.—Posrtion of magnetic poles 


helix when the current passes induced bi ainistrorsal behx when cur- 
away from the obeecrver. rent passes toward observer. 


the end marked 2 with the negative pole of the battery. The current 
Passes in a curve from 1 to?. The observer may go to the other end of 
the helix and apply the same rule for the determination of the polarity. 
As seen from that end, the current passes in the direction of the hands 
Ola watch, and consequently the south pole is at that end. . 

Fig. 80 shows the current passing through a left-handed helix, but 

4 direction from 2 to 1, just the opposite of that of the current in the 
preceding diagram. Applying the same rule, we find that an observer 


. 
" 
ty 


ia 
. 
E 
q 


t the end marked 1 would see the current passin gf in the direction of 
| . ; , : acy 
‘He hands of a watch and that consequently the south pole would be 
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at the end nearest him, i. ¢., at 1 instead of at 2, as in the previous 


Te ; He. ; J 
rhe aI shows the idea of a right-handed spiral, and if the current 
flows in the direction indicated by the arrow, 1. ¢., in the direction of 
the hands of a watch, the pole toward the observer is the south pole, 
lf the current were flowing in the opposite direction, through the same 
dextrorsal or right-handed spiral the polarity of the electromagnet 
would be reversed. : ith 

Fic. 2 shows the idea of a left-handed spiral, and if the current 


flows contrary to the hands of a watch, as indicated by the arrow, the 


a 


Fic. $1.—Magnetic polarity induced by Fig. $2.—Magnetic polarity induced 
eurrent in the direction of a right-hand by current in the direction of a left-hand 
spiral. ap4ral. 


north pole ts the one nearest the observer. If the current flowed in 
the opposite direction, the magnetic polarity would be reversed. 

Fig. 83 represents the case of a right-handed helix in which the wire 
progresses In a curve from one end to the other, and then back to the 
first end, still continuing to pass around the axis in the same right- 
handed direction throughout. This is the way in which thread is 
generally wound upon a spool, Both layers act in the same way to 
induce a south magnetic pole at the end where the current is seen by 
the observer to pass in the direction of the hands of a watch. In the 


z Fig. 3.- Magnetic polarity induced hy 
several layers of wire wo und back and forth 
Upon gf epee. 


Fig. $4.—Magnetic polarity induced by 
a current through a flat spiral. 


same diagram, if the arrows 


Indicating the direction of the electric 
CUTTENTL Were reversed, the pyol : ay 


The diarram re shi 1) he arity of the magnet would also he reversed. 
electromagnet excen : he Jae engraving illustrates the case of the usual 
eg ies z ape or : at In act ual practice it is not necessary to have 
upon a spool the parated. They are really wound as closely as thread 
the many turns of wick v8 confined and made to pass through 
were closely wound in + JY the insulation of the latter. If a bare wire 
the coil "Sie = ise on on ho? the CUTTernt would PSS Irom one enc ot 
different turns “ I ab = : ee shortest path provided by the contact of 

Wilh @ach other. Very little current would pass through 
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whole length of the wire, and the resulting magnetization would 
very weak. 
Fic. 84 shows the case of a Gat spiral surrounding a steel bar which 
ata right angle to the plane of the spiral. Here again the direction 
‘| e current with the hands of a watch at the end near the observer, 
chows that this is the south pole of the induced magnet. The spiral 
1 the diagram 18 a right-handed one, but here, a3 in all other cases, the 
awlarity of the induced magnetism 12 not controlled by the direction 
am which the wire is wound, but by the direction in which the current 
nasses through the wire. Tracing the wire from its connection with 
the positive pole of the battery and finding the direction in which it 
masses around the coil enables one to determine the polarity of the 
induced magnet, and this can be reversed by simply changing the 
connection of the wires with the two poles of the battery. This fat 
smiral winding of the wire is adopted in certain induction coils, especially 
the powerful ones used for x-ray purposes. The amount of induction 
is practically the same as with the same number of turns in the form of 
The following diagrams from Houston (Fig. 85) give an exceedingly 
easy way to determine the polarity of an electromagnet when the 
direction of the current is known. At the north pole of the induced 


Ve 


Fig. §5.— Mnemonic diagram of direction of currents inducing north and south magnetic 
polarity. 


macnet the arrows on the letter N indicate the direction of the current, 
and similarly with the letter 5 at the south end. 
A steel bar which has been magnetized by an electric current retains 
Its magnetism and is & permanent magnet. 
A soft-iron (wrought iron or malleable iron) rod becomes an equally 
agnet almost the instant the current is turned on, but loses 
In many 
apparatus for use in medicine this alternation from a condition 
powerful magnetism to practically complete absence of magnetism 
takes place thousands of times a minute. . 
Magnetization During the Flow of the Current.—From the 
time the current is turned on until it is turned off the soft-iron rod 
retnains an equally strong magnet and with its polarity unchanged. 
This is the case when the electric current is uniform as to direction and 
strength. Any variation in either the polarity or strength of the electric 
current will produce a corresponding change in the polarity or strength 
of the magnet. It is important to remember that the effect of an 
Cle etic current Upon An Iron core is continuous as long as the current 
lusts. This is not the case with two other forms of induction, which we 
shall have to consider. A current of electricity induced in a coil by & 
Hagnet is only momentary, and occurs only when the magnet 1s carried 
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The electric current does not continue 
rest within the coil or anywhere else. 
The other case is that of electric currents induced in other WiTes by 4 
current passing through a primary wire. The currents are induced 
only when the primary current is made or broken, or when its strength . 
‘acreased or diminished, or when it is brought near to or away from the 
eecondary wire, and in either case it is of momentary duration. No 
electric induction takes place during the uniform flow of an electric 
current. but that same uniform flow will mamtam magnetic induction 


toward or away from the coil. 
to flow while the magnet is at 


in an iron core. : 2 ion 
Magnetic Properties of Voltaic Currents.—Iron filings are 


attracted by every part of a wire through which an electric current is 
flowing, and if the wire is passed vertically through a hole in a piece of 
paper on which iron filings have been sprinkled, the latter will arrange 
themselves In concentric rings corresponding to the limes of force 
familiar to us in the case of the ordinary magnet. The lines of force 
in the case of a wire through which an electric current is passing are im 
planes at right angles to the length of the wire, and pass around the 


—_ ss — air 


‘T.. — Bo =f E i al : s = = r : 5 
Fig. $6.—Direction of the lines of foree or magnetic whorls about a current of electricity. 


wire in concentric circles. The force has a direction which depends 
upon the direction of the current in the wire. 
| Fig. 86 illustrates the direction of the lines of force or magnetic 
whorls about a current. of clectricity. The direction of the lines in 
relation to the flow of the electric current mav be likened to the richt- 
ee direction in which a cork-serew has to be turned as it pushes 
eel aries the cork. AAmpere constructed a sdlenoid (Fig. 36) or 
oe ol wire, freely susy ended in a horizontal position, and found that 
ae pateotent ok crectricity passed through it, the solenoid possessed 
and exerted an meeeearep cats _Tt assumed a north and south direction, 
magnet. the coil ; “TI tion Tor iron or steel. And if such a coil is near a 
exactly as if it st st Rete = into siecle PE relation with the magnet 
or milliariipereneter : Fears needie. fhe d’Arsonval amperemeter 
In electr: Glier-apiertins: a. pe : galvanometer which Is extremely useful 
electric eurre i ae 8, depends upon this principle; the stronger the 
mt which DaiSses tf hire Mie the con. the stronger its magnet ism. 


anc the CTeater iis deviati 2 
=i a CVIATION Uncle Te LA rae s zeationare Wa 
manent ma met. ler the in fluence of a stationary per 


A single f wire (Fic. &6 . 
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<ing has the properties of a magnet whose north pole is situated at 

> face at which the flux leaves the loop. The small arrows in the 

stration represent the magnetic whorls or flux surrounding the wire 

Ler igh which the current 14 passing in the direction indicated by the 

ree arrows, so that the surface of the loop toward the obeerver in the 
liagram has north polamty. 

The Power of Electromagnets.—This, in electric parlance, varies 
with the number of ampere turns. In other words, the preater the 
number of turns of wire through which a current of a certain number 
ff amperes 15 passing, or the greater the number of AMperces passing 
hrough a wire with the same number of turns, the stronger is the 
induced magnetism. And the strongest magnets are produced by 
‘nereasing both the amperage and the number of turns. With a FLV en 
source of electric energy, of course, there is a maximum streneth of 
marnetism which cannot be exceeded. Making the number of turns 
epeater than a certain number would introduce such an additional 
resistance as to reduce the number of amperes to an equal or even greater 
extent. The greatest eficiency is obtaimed when the resistance m the 
ecoil of the electromagnet is equal to all the remaining resistance, includ- 
ing the internal resistance of the battery. When only one voltaic cell 
is used, this maximum efficiency in the production of a powertul elec- 
tromagnet 1s obtained by having a number of strands wound together. 
With a series battery the best results are obtained from a coil consisting 
of one long single wire, the number of turns being regulated bv the 
voltage of the battery. The amount of power is illustrated by the 
fact that a horseshoe magnet made from a cylinder ten mehes long and 
ialf an inch in diameter and around which are cowed thirty feet of wire 
will sustain a weight of fourteen pounds when acted upon by the current 
from a single cell, in which there is a zinc surface of only 24 square inches, 
and the electrolyte is a thimbleful of dilute acid. In another recorded 
experiment a cannon weighing 50,000 pounds has been magnetized 
iy a current of 16 amperes passing through 10 mules of wire, making 
5250 turns around the cannon. This equaled 110,250 ampere turns. 
The electromagnet thus produced was so strong that a string of hive 
cannon-balls weighing 250 pounds apiece hung suspended ror the 
cannon by mutual attraction and heavy iron spikes remained m a 
' ; : . 7 4 
horizontal te sition In Space. The latter éffect was produced when & 
soldier stood bet ore the muzzle of the cannon with the iron spikes if 
front of his body. The spikes assumed the direction of the lines ol 
force, and were held pressed against the soldier’s body in that position 
by the enormously powerful attraction of this rigantic electromagnet. 
A similar observation may be made any time the z-ray coil is turned on, 
if « piece of cardboard is held vertically, separating pens or other hght 
stecl or iron bodies from contact with the end of the soft-iron core of the 
coil. The pens will remain horizontal in the air, one end attracted 
toward the coil and the other end repelled. This effect is not peculiar 

electromagnets—any type of magnet will produce similar effects. 

iron or steel rod bri ught near OMe pole ol & magnet undergoes esha 
netic induction: the opposite kind of magnetism 1s generated in the 
nearest end. and this end is attracted to the pole of the magnet, while 
the other end of the rod has the same magnetic polarity induced m™ 
as that of the neighboring pole of the magnet, and is, therefore, repelled 
by it. The strongest effect, of course, is produced by a horseshoe 


An 
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magnet upon a rod placed across its two poles. The end of the apace 
in contact with the north pole of the horseshoe magnet has south polarity 

‘aduced in it by the influence of both poles, that kind ot agnet isi 

being attracted inte it by the north pole and repelled into it by the 
south pole. It, therefore, has a doubly strong attraction tor the nort h 
pole of the hi reeshoe magnet. A similar induction of double strength 
occurs at the end of the armature in contact with the south pole ot the 
horseshoe MmAgnet. A horseshoe magnet with an Pa ture AcToOes iz 
ends will sustain more than two poles of a bar magnet acting separately. 
It ig said to be a polarized armature when the armature itself is a per- 
manent magnet, and, of course, must be made ol steel. For most 
purpoges this 15 less desirable than an armature which is made of soft 
iron and loses its magnetization when not under the influence of the 
magnet, and having no permanent polarity of its own, responds fully 
and freely to the influence of the magnet Mm every position. 

Ganot (“ Physics") gives the following as the results of different 
experiments upon electromagnet ic force, and these have varied accord- 
ime to the different senses attached to the term by various observers. 
Electromagnetic foree may mean—(I) the current which the develop- 
ment and disappearance of the magnetism of a soft-iron core induce in 
a spiral which surrounds it; (II) the free magnetism measured by the 
action on a magnetic needle oscillating at a distance; (IIL) the attractive 
force, or the force required to hold an armature ata distance from the 
electromaenet: (1V) the lifitng power measured by the force with which 
ST) armatire 13 held in direct contact with the pole. L 

The most important results which have been arrived at are the 
following: aaa 

fi) Using the term electromagnetic force in the first two senses, It 1s 
proportional to the strength of the current. This applies only when 
the currents are not very powertul, and to stout bars; lor in each bar 
there is, as Miller has found, a maximum of magnetization which 
cannot be exceeded. 

(ii) Taking into account the resistance, the eleclromagnetic force 18 
independent of the nature and thickness of the wire. Thus, the strength of 
the current and the number of coils being the same, thick and thin 
wires produce the same effect. 

(iii) With the same current, the electromagnetic force is independent 
of the width of the coils, provided the tron projects bevond the coils, 
and the diameter of the coil is small compared with its length. AE 

(iv) The temporary magnetic moment of an iron bar 1s, within 
certain limits, proportional to the number of windings. The product 
of the intensity into the number of turns is usually spoken of as the 
Magnetic power of the spiral. The greatest magnetizing power 1s 
obtained when the resistance in the magnetizing spiral is equal to the 
sum of the other resistances in the circuit, those of the battery included, 
and the length and diameter of the wire must be so arranged as to 
satisfy these conditions. 

(v) The magnetism in solid and in hollow cylinders of the same 
diameters is the same, provided in the latter case there is sufficient 
thickness of iron for the development of the magnetism. With currents 
below a certain strength, wide tubes of sheet iron are far more powerfully 

magnetized than solid rods of the same length and weight: but with 
more powerful currents, the magnetism of the latter preponderates. 
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ai) The attraction of an armature by an electromagnet i4 pro- 
‘nal to the square of the intensity of the current so long as the 
netic moment Re not attain its maximum. Two unequally strong 
o-tromagnets attract each other with a force proportional to the 
oare of the sum of both currents. 
oi) For powerful currents the length of the branches of an electro- 
«net is without influence on the weight which it can support. 
teetz observed that, for the same strength of current, electro- 
jqenetism is produced more rapidly m circuits with great resistance 
creat electromotive force than in circuits with small resistance 
pee rrespondingly smaller electromotive force: in the latter case, the 
-overse eurrents which occur m the cols of the electromagnet come 
‘ata may more than in the former. 
During magnetization the volume of a magnet does not vary. This 
- heen established by placing the bar to be magnetized with its helix 
4 sort of wafer thermometer, consistng of a flask provided with a 
wilary tube. On magnetization, no alteration in the level of the 
cater is observed. But the dimensions vary; the diameter is somewhat 
lessened, and the length imereased; according to Joule, to the extent 
of about g,s— if the bar is magnetized to saturation. 
As rezards the quality of the iron used for the electromagnet, It 
be pure, and be made as soft as possible by being reheated and 
cooled! 4 creat Many times: 1b 18 polished by Means of # hile. oO 25 Lo avoid 
visting. If this is not the case, the bar retains, even after the passage 
of the current, a quantity of magnetism which is called the remanent 
macnetism. A bundle of soft-iron wires loses its magnetism more 
rapidly than s massive bar of the same size. According to Stone, iron 
wires may be materially improved for electromagnetic experiments by 
‘forming them into bundles and tying them round with wire; these 
bundles are then dipped in paraffin which is set fire to. ARTA Ac 
“ Remanent magnetism is greater in long magnets—those, that 15 to 
=av, in which the diameter is small in proportion to the length. It 3 
decidedly greater in soft iron when the magnetizing current 1s not 
opened suddenly, as is usually the case, but 1s gradually brought to 
zero by inserting successively preater resistances. By suddenly opening 
the cireuit it has occasionally been found with thick rods of very sort 
iron that «4 reversed remanent magnetism is met with, which called 
ahnormal magnetization. = peer 
“ This is easily understood from the tendency ol molecular magnets 
‘© Tevert to their primitive condition. In doing this they experience 
7 oertsain friction or resistance, “_ricl when the Magnetization gradually 
diminishes. this hinders the complete reversal of the molecules; but 
with s sudden cessation the molecules, from the greater ris pire al 
their reversal, will sooner come back to their original position, OF even 
pass it, and come to rest on the opposite side.” Lars : 
Ampere’s Electric Theory of Magnetism.— [his theory is that 
in iron or steel there are electric currents in motion around the atoms 
or in the atoms. and that when these currents are polarized or all made 
to flow in the same direction the iron or steel becomes a magnet. Except 
at the surface, these currents are supposed to neutralize each other. 
Fig. 87 illustrates Ampere’s theory of magnetic induction by an electric 
CuUTTeENntL. 
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Magnetic Inertia or Reluctance.—An expenditure of energy 18 
required to cause all the currents theoretically present In an unmag- 
netized bar of iron or steel to flow in the same direction anc make the 
bar of iron a magnet, or, on the other hand, to reverse the polarity of a 
magnet. Goth of these processes take time, and so does the return of 
4 soft-iron electromagnet to the unmagnetized state. The magnetic 
effect is not instantly produced when the electric current is turned on 
or off, but there is a certam magnetic inertia or reluctance to be over- 
come. This is of no consequence in the case of an electromagnet 
which is to be used for some time continuously without a reversal of 
polarity. The large electromagnet used for the extraction of steel 
particles from the eyeball is one of this sort. But in the case of the 
electromagnet which forms the core of the primary coll of an induction 
coil, it is necessary that the magnetic inertia should be reduced to the 
lowest rn ssible amount, so as to enable it to become a powerful magnet 
the moment the electric current is turned on, and then completely to 
lose its magnetism the moment the current 1s turned off. The breaking 
of the circuit may be accomplished by the action of the electromagnet 
itself pulling the armature away from contact, or it may be done by some 

extraneous means. In the latter 

case, the minimum magnetic 

inertia 1§ required for the proper 

induction of currents in the sec- 

ondary by the action of inter- 

mittent currents in the primary 

—_— cou. The minimum magnetic 
Magnetized. inertia is obtained by making 
the soft-iron core a bundle of 

straight parallel wires: and for 

an z-ray coil, for instance, these 

wires are about the size of piano 

wire, and form a bundle two or 

three inches in diameter, and 

about twice as long as the spark- 

Fig. 57.—Ampere’s theory of magnction. length of the coil. Another 
Electric currents about the atoms caused to way of reducing the m: 
tre: the same direction alee ig ine pacice ne toe MASMetic 

= hope gs ; Inertia is bY making the electro- 
sac of many thin sheets of soft tron bound together, and this 
Hes E ated ail ci laminated MAP Net. The powerlul Magnets of eleetric 
MOtOTS are olten made in this war. 

The Properties and Effects of Magnetic Flux.—Flectromagnetic 
Waves In the universal ether are what this flux really is. They have 
ihe oe velocit ¥ im Iree Space as light. and are subject to the same 
Masai tO ea 8 eo Doeme through different media. The 
ameter se rameabaike Rats pShesaeae ior light 15 closely related cay Its 
light if the polarizin & subs ie a eg pies dialer the plane of polarized 
the property of polarization te eons eenctic field, and it also gives 
ponsess it. The Hertaian waves nant nee which do not ordinarily 
tromagnetic waves, Th fl hates ets = wireless telegraphy are elec- 

(a See hii ss fhe Ty ir fae £ qT “TIE bas thie power to produce 
rar tes a ae ag res steel bodies m the neighborhood, without 

JE LS Th Teoewer. | Giretie § roe Des a : “pa 
repulsion Upon aie bodies ae aide gs a5 Sate sort ‘TACTION OF 

: | Wires through which a current 
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leetricity is passing. Wariations in magnetic flux produce currents 
clactricity in wires in the magnetic field, and this is to-iay the most 
tant source of electricity, and is the reason why it has been 
ssarv to State 30 many of the facts in regard to magnetiam. 
\ coil of wire Placed with its turns in a horizontal plane and open 
ithe top and bottom, and traversed by a current of electricity, exerts 
qn attraction upon an iron bar placed Within its lumen. The bar may 
eer bee Goel suspended in mid air by the invisible attractive force. not 
cin contact with any part of the coil, but simply mside the opening 
ag its axis. It the bar is pulled a little distance in either direction. 
attraction will bring it back to its position inside the coil. The 
tual attraction existing between electric currents and magnets is the 
force concerned in electric motors and dynamos. z 
The Attraction Between Electric Currents.—Two active loops of 
witt freely suspended tend to place themselves in such a position that 
their plane Suriaces are parallel with each other anc the currents flow 
1 the same directions. The laws governing the matter are that— 
[wo currents, parallel and in the same direction, attract each other. 
9) ‘Two currents, parallel but in opposite cirections, repel each other. 
The north pole of a magnet will be attracted by the end of an active 
helix which has south polarity, and will be repelled by the end having 
north polarity. 
In the case of either the iron 
ir or the magnet being fixed 
nd the active col (wire through 
ich an electric current Is pass- 
being freely movable, the 
me attraction or repulsion will 
perative. And this will cause 
the active eoil to move mto such 
position that the relations be- 
iWeen the coil and the magnet Fig. 38.— Electric current. induced by motion 
or iron bar are the same a5 1f the of a magnet toward a cuil of wire. 
latter had been movable and the 
col statlonary. li one active coil is stationary and the other freely 
movable, the latter will move toward the former if the currents are both 
in the same direction, or away from it Wf the currents are In contrary 
directions. 

_ Production of Electric Currents from Magnetism.—If one pole 
of magnet is brought near a coil of wire which is not connected with 
any battery or other source of electricity, a current of electricity will be 
generated in the wire. This may be demonstrated by connecting 
the two ends of the wire with the terminals of a galvanometer. The 
utTangement in Fig. 88 illustrates the principle involved. The magnet 
Deng mowed toward and into the lumen of the coil, a current of elec- 
tricity will How through the wire and be indicated bv the galvanometer 
during the motion of the magnet. <A current will fiow in the opposite 
irection while the magnet is being withdrawn. No current will flow 
thraugh the wire while the magnet is stationary either near to or Tar 
irom the eo. The direction of the current through the coil varies 
according to which pole of the macnet is near the coil and whether it 
“ing moved toward or away from the coil. The arrows in Fig. 83 
uidicate the direction of the motion of the magnet and also of the 
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eurrent: and the letters N and 5 indicate the north and south poles of 

the real ent, To represent the effect of withdrawing the magnet, it 

would simply be necessary to reverse the posrtion of all the arrows 

re Dr resenting Ais direction in which the magnet moves and the current 
flows. Fig. 89 shows the direction of the current produe el when the 
netth po le of a magnet is moved toward a coil. Anel in this case also 
the direction of the current 14 reversed if the magnet is moved awhky 
meee instead of toward the coil. 

An electric current is produced at the same moment and in the 
same direction if the pole of the magnet is moved laterally across the 
face or end of the cou insteacl of into it. The eurrent will be in the 
direction indicated in the last diagram (Fig. 89), while the north pole 

is moving toward the axis of the 
coil or the central line passing 
through the hollow of the coil at 
aright angle to the planes of its 
various loops. After the pole 
of the magnet has moved past 
the axis of the coil and begins 
to move away from it, an electric 
current in the opposite direction 
cit cea ce | | if penerated in the coll. The 

Fic. S2.— Direction of the current when 
the north end of the magnet & moved toward CUITCnis pert duced by Ti ovine 
the coil of wire. the south pole of the magnet 

laterally across the face of the 
coil are the same as those produced by moving the same pole into or out 
of the coil, as shown in Fig. 89. 

Magneto- electric Machines.—The same currents are generated 
in all these cases if the coil is moved instead of the magnet, as is the 
arTanrement in the rf nagnetoclec tric 
machines (Figs. 90, 91. and 92) which 
were the predecessors of the modern 
dynamos and which are still used in 
ther apeutics tO some extent. Taking 
inte consideration only one of the coils 
of wire, as that is rotated toward the 
north pale of the magnet, a current 
will be Fenerated in that coil whie hy 
will be im the direction of the hands 
of a clock if the coil is viewed from 
the end lacing the magnet. At the 
sane time that this coil has a rot: Ary = : 
motion toward the north pole itismovy- Fig. 90.—Magneto-lectric machine 
i ie away trom the south pole of the ma for therapeutic use. 
net, and the electric re 
After this he electric current resulting from ves ee the same direction. 
away from the north pole and towa nd vie however, i Ht begins LO nove 
ot the ev iTrent. flow js reversect, Sa tbat S sie Be Boracay creche 
eenerated| and may be transmitted Bay ; ect = alternating current 13 
by having the two e xtromities of the 4 circuit outside of the machine 
revolving metal collars. against whi wire connected with two insulated 
conducting the current to the badraa: i] em two Springs oF brushes 
receding from the north pole of 4] rnal circuit. The other coil is 

“MIG Tiagnet at the time that the one | 


ay 
| 
| 

i 
a 
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nsliered isn aching 3 | , 
Pproaching it, and consequently it is necessary that 


| to make it yield currenta 
in the sume direction as those irom 
the first eoil. The coils sre both econ- 
nected with the external circuit by 
the Same metallic collars and brushes. 
and teinforee each other in delivering 
an alternating current. : 


cit slotted les wine) ith the opposite Wa 


Ei, 2] =( lark - Tonge hoe beset rie Pir Fic. Of? — Rotated a0 nS te esate par 
cuter, Ia turns in each coll rotated in portion to come toward observer, current 
rent of magoet (Laminated). would go as shown by arrows. After a half 

turn ft would be revrereed, 


The Commutator.—This ts an important part of any machine for 

generation of dynamic electricity by electromagnetic induction. 
[: is a device for converting a series of alternating currents into 4 series 
at unidirectional currents passing into the external circurt. In its 
simplest form (Fig. 93 and 94) it consists In having the wires from the 
enils terminate in the two halves of a metal 
evlinder which 1s completely divided into 
vo longitudinal halwes, fastened upon an 
insulated shaft and rotating with the coils. 


Fach brush leading to the external circuit 


a 





aed —_—,_ 
iB) 
i 


Fiz. 4.—Dingram of the commutator in 
operation 





Fiz. 83.—Commilator. 


in contant Sotho eee ee halves of the split cylinder sunal ed 
current from it. Calling the sections of the Sake the ‘ tur 5 the 
the brushes | and 4 e adiustment should be such that curing t’ 
rushes | and 2, the J + should be In 

the connection 


lalf revolution that sackcg pair a gee fare Sativa 
‘intact with ish 1. and when | becomes Nepales, : 
changes to beekea The division between the two haly + th ee. 
commutator is to be at such a point that the nea ae ae ha ine 
rushes changes at the same time that t he polarity a the ee ee 
While the current in the coils is in one direction, a is the De eed 
mutator section and is connected with brush l. and while the Rees 
is in the opposite direction, } is the positive commutator section and 
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this is then connected with hrush |. As each alternate eee oo 18 
eenerated in the coil it is passed through the commutator and Drusnes 
in auch 4 WHY 85 alwavs to traverse the external circuit in the same 
direction. 


Magnett 
1 placed lat uy 


c Lines of Force or Magnetic Flux.—li a bar magnet 
von & table and a sheet of paper sprinkled with iron flings 
‘< laid over it, the iron filimgs will assume positions corresponding to the 
maenetic lines of foree. Near the two poles the particles will be most 
ahundantly risassed, ard will radiate m ever} direct 1th. while near the 
middle of the bar there will be few particles, and these will be more or 
less parallel with the long Axis of the magnet. Che arrangement of the 
particles of iron corresponds with the lmes of force. These are supposed 
to be due to ether streamings, both m the magnet and outside of it, 
ct up by the molecular forces at work in the magnet. The lines of 
‘oree or the magnetic flux leave the magnet at its north pole and enter 
at its south pole. Ch course, it 1s not limited to the plane of the paper, 
as is apparently the case in the above experiment, but really com- 
pletely surrounds the magnet in every direction. This can be seen at 
once it the Magnet 13 dipped into a mass of loose iron flings. And the 
direction of the lines of force in the surrounding space can be shown 
by using fine sewing-needles in the place of the iron filings mm the last 
experiment. 

The direction of the lmes of force ts subject to change under the 
influence of magnetism or electricity. For instance, if two similar 
magnetic poles, like the north poles of two magnets, are brought near 
together, the lines of foree from each are made to diverge more widely 
than if one magnet had been there alone. And, on the other hand, 
the lines of force of both are made to converge and pass from one magnet 
to the other, forming an ellipsoid if two opposite magnetic poles are 
brought near together. The attraction of a magnet for other iron or 
stecl bodies is dependent upon the number of lines of force that reach 
the body to be attracted, and there are two special cases which are to be 
considered in the construction of clectrotherapeutie apparatus. In one 
class of cases the desire is to produce an attraction upon an iron or steel 
body at some distance from it. regardless of how many lines of foree 
may be wastefully expended in the surrounding space. Such cases 
are that of the electromagnet for extract ing foreign bodies from the 
eye, and of the electromagnets used in the vibrating interrupter for 
the primary currents in induction coils. For this purpose magnets 
are made of the seroferric type. This means that the flux passes from 
one pole to the ot her partly through air and partly through iron, and 
Line electromagnet [= generally made in the shape of a straight bar or 
bundle of Wes Surrounded hy 4 col of wire through which an electric 
current L~ flowing, and the polar extremity may even. be conic. Leakage 
flux is the technical designation for lines of forec which do not pass 
through the armature 


| lo secure the greatest holding power, however, the ferric fype 1s 
required, which IneAn= that the magnetic Aux OT lines of force passing 
out of the magnet at the north pole traverse only iron on their way to 
the south pole. This is accomplished in certain cases by making the 
Ta PT ith the i IPT | ei | horseshoe, arc placing “ani armature across 
between the two poles. The horseshoe shape may be only firurative, 


a8 In the case of a very uzeful type of electric motor (Fig. 95), where 
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heavy iron Lena irom which two uprights extend; the latter 
fe concave surfaces facing cach other, and called polar surf; oe 
thie POLS SUP aoc and 1 ery close to them is t bie: revolyvt ing arma- 
motor. The stationary part is m ale & powerful m agnet by 
Curr mit passin eS through cous of wire a surrounding e ach oe 
It will be noted that it is not necessary that the pabe 
etch - at the ends ol ‘ the arms of th 1¢ horseshoe. F ee ‘. i 
i small air-space between the polar surfaces and the armatu 
ceaiee Presents “cl sila Te 15 of the ferr Te type. (ne ot the absolute 
is a4 horseshoe m AeTiet with “un Iron armature Across jts enela, 


her 13 ae Iron Tne marie tized by 10 elect ric current passing 


oli a Es 


rti a! 
Lil 


i 
ry 
i] 

al 
6 
| 


. 
| 
sLT) k at i 


a a coil of wire which surrounds the wire at one part of its cir- 


aah, "Thain £ 1 a Te ‘i . 
ne | cl4 rst ai th iE ynes chy comple Le fer ric Marne of is 


ar Die 2 Se | 5 pad = i ' F L 
it si | rab am Means NE Pu: pes per hi Pall LIS the Fradual Weakenin 7 
Bight PLT e and. of cours . 1s the case where ATI eleetro- 

Is used to lift or to SUSLAIn A heavy “we eveht. ‘The Second or 


magnetic rine (OFWs part ol the Ste P-ip transformer for the 


Fig. 05.—Flectric motor, 


= = Ll 


Ina uet i in of iv 
lOrtner, ase indu ices ¢ ee ary wi ine; or of ‘the Hees ioe trans- 
Wire. For this purpose Lore ee duced potential ins the secondary 
firuratively 9 ee ! \ aa in the closed magnetic ring may be only 
of soft iron. rivetesd Py a often IS nade up of lamin: ated rectangles 
a ‘Ths daecdrces at th 1¢ corners and s1 irrounding 4 ree tangular 
eMeleney in + “7 ie = ishgi ring has a Very muUuc h hicher rate of 
type of Inductinn 2) ua induced currents than has the other 
se M aay lie Pa cou with a straight iron core. 
= fed a oe | : 1 : j es 
toward aries Gost lore r by which steel and iron are attracted 
use of magnets. It Fir sel or electric currents are generated from the 
inversely to the neste metic ap = sip co | he magnetomotive fore e. and 
magnetic flux is the 5 ee (ah ic reluctance. The practical unit of 
um Meser, OF reluctance, the oersted: and of magneto- 
gilberts 


ri tive f = | = 
Orce, the gilbert. ‘The formula is webers = © or the num- 
OOrstects 


—= 
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ber of units of magnetic flux is equal to the number of oleotenee 
Z " _ “| 5 me i wet a er. TAP = a a il 
units divided by the number of units of magnetic reluctance. iy 


ampere-turn or a current of one ampere through a single loop produces 


a margnetomotive force of about 1.25 gmilberts. The magnetic flux is 
strongest when an armature connects the two poles or when the magnet 
c sists of a closed ring, partly because of the fact that in either case 
the macnetic reluctance is reduced to the lowest possible amount, 
A soft-iron core or a closed magnetic ring adds to the efficiency of 
a coil in producing induced currents, because it adds its own magnetic 
Hux to that directly due to the passage of the current through the 
primary coil. Tee ier a 
The measurement of magnetic flux is done by means of a magnetic) 
needle. If the latter is moved out of the line which it assumes under 
the influence of a magnet and then is released, it will oscillate back and) 
forth before finally stopping at its position of rest. The strensth off 
the magnetic pole is proportional to the square of the number of times: 
that the magnetic needle swines back and forth. 
Paramagnetic and Diamagnetic Substances.—]] bodies, solidJ 
liquid, or gaseous, are influenced by magnetic attraction. If certain 


substances, like iron, steel nickel, cobalt, manganese, Or oxygen gas/ 
are suspended between two opposite poles of an electromagnet, thew 
tend to arrange themselves in the line between the two poles, and are 
called paramagnetic substances. Others, like bismuth. phosphorus, | 


zine, gold, water, or hydrogen gas, tend to alrange themselves at a 
right angle to the line passing between the two marcnetic poles, and are 
called diamagnetic substances. 

A bar of cobalt arranges itself so that tis length is parallel with the 


‘ines of force, because it is more permeable to magnetic flux than the: 


SUITOUNdInNg air, and nature always seeks the path of least resistance. 
lt Ls eh DECaUse of any north and South polarity on the part ot the har 
ct cons ft. - 


‘ bar of some diamagnetic substance like gold arranges itself at a 


ue rit a + eel =, . aed i _- r ie i: 7 
nent oe to the lines of force. because It 1s less permeable than the 
forse mg air, and the least resistance je produced when the gold 
Orme } ernie — - I ek = . s : 
: sea the smallest anicl the air the larrest possible part of the path 
traversed by the magnetic flux. 
Wi a i ee a rire: ™ ; P Fy = : a : 
i Erp aes Is opaque to magnetic flux. The flame of a eandia 
“Waianae and lf held between the two poles of g maconet, it is 
y ‘Th 5 at a right angle to the line between the poles. | 
eee bore Off a heavy current a voltaic arc will sometimes pass 
the ree we oun als, and unless this is promptly checked. 
, ed a ee » MAY © CPSstrovest tho a Tae =e I = 
ions where this is liah] ee eon ee building set on hre. In situa- 
dete : Hable ta happen ablower is placed. This is a powerful 
between rane #5 Hux eal which actually blows OUT the are Passing 
J ' a LE ay Th i = le ro a ] : = - = = ; ~ * a Fm! 
that of the circuit break ‘ ae on quite a different principle from 
- el | iTregker 2 th ie an olen 1s 

operative when anv see | ae uch is an eles tromagnet which becomes 
shuts off the cirrent oo ssive or dangerous current is Howing, and 
where it normally 4 ; at Rehr its armature away from a terminal 
aoe a8 ae) COT heles the Circ MY hoe ash . = ' 
aré€ sometimes used together, cuit, The two devices, however, 
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LIST OF PARAMAGNETIC AND DIAMAGNETIC BODIES. 
Poramagnetit. Diamagnetic. 
Biemuth. 
Phoespliorius, 
Antimony. 
FAt ta 
Mercury. 
Lead. 
Ps Salyer. 
rand TT Lop TT. 
Jotinum (Wiedemann found pure plati- Gold. 
ac m dmmagoet he). Water. 
ne ones and salts containing the above Aleolol. 
Relat Tellurium. 
sar Laer LE 
Sulphur. 
Thalhanm. 
Hydrogen gas. 
wir. 


The Influence of an Iron Core in a Magneto-electric Machine.—In 
the apparatus illustrated in Fig. 91, p. 111, each coil has a core of 
enft-iron wires. The core has a very powerful effect nm Increasme the 
amount of current Induced in the coil. As one end of the iron core 
brought near the positive pole of the magnet 1t becomes magnetized 
‘tself. and that end becomes the negative pole. It has been demon- 
strated in many different ways that when an iron core mside a coil 
becomes a magnet, it generates a momentary current in the coil, and 
another momentary current in the opposite direction when It ceases 
-obe a magnet. If it is a permanent magnet, but varies In power under 
any influence, then, as it Increases in power, It Induces a current mn the 
coil. and as it diminishes in power it Induces a current In the opposite 
direction in the coil. ! 

A soft-iron core always has some effect in retarding the change im 
the polarity of the coil from one phase to another. Its magnetic merua 
makes its changes in polarity approach considerably less nearly to the 
instantaneous than would the changes in the col alone. 

The core adds very much to the amount of verse discharge Jo 
coil, but this is a subject which need not be discussed until the subject 
of induction coils is taken up. i 

Generation of Electric Currents in a Coil of Wire when tt Cuts 
Moving or Expanding or Contracting Lines of Force.—The motuon 
hv which the coil is made to cut the lines of force may be a movement 
of the eoil of wire or of the magnet. The same change m ther relative 
position produces the same electric current in the eo. There are 
many different ways in which the details of this may be varied. 

Lenz's Law.—lIn any case of electrodynamiec induction the direction 
of the eleetric current pri luecd Is such as will tend to oppose the motos 
producing it. The value of the knowledge of this law & twofold. It 
mables one to caleulate the direct ion of the current and to construct 
apparatus consisting of several different magncts, and armatures (coils 
with or without cores) and commutators and brushes, 50 348 to oly tsuin 
a combined harmonious effect in the shape of either an alternating OT 4 
“direct” current, as may be desired. And, in the second place, ut 
brings us to the explanation of the transformation of mechanic mto 
electric power in the simple apparatus in Fig. 92, p. 111, and in the 
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Neated dynamos. In any of these machines the MEA inh 
shat se pea in two elements of resist ance, one bemng that of. 
power fs i ’ ih aa ye other due to the current induced In the coils” 
ET ee ie which is usc up im overcoming friction is cons 
ont yt bed . ey Sees to Lenz's law, the current at any momeng 
igh gy seas ar aching fi magnetic pole 15 such a3 will cause a 
dei race vir ween the col and t he magnet. | 1 he lorce required 
to aie the coil through SPACE ASAMISE this repulsion disappears ag 
aaahanin nower toa he converted mto electric pie And the like 
condition occurs when a coil i being moved sw ay ITOMm & Magnetic 


pole: the current induced is such as to attract the coil toward the 
Pe a bbe ae Ai Ul 


maenet. and the power exerted In overcoming this attraction and 


moving the coll Away disappears 45 mechanic power and 1s COnVEried 


ite electric power. 

ee a Mechanic Equivalent of Electricity.—Just as the mechanic 
equivalent of heat may be expressed as: 1 pound of Water 1° F -=i18 
foot-pounds, or it takes 778 ioot-pounds of work v0 False 1 poundiar 
water 1° F.: the mechanic equivalent of electricity is 1] watt=—}, 
horse-power, or | kilowatt C1000 watts) = 1.64 horse-power. The 
number of watts produced by a dynamo is found by multiplying the 
number of amperes Dy the number of volts. In a well-constructed 
dynamo of large size shout 00 per cent. of the horse-power exerted by 
the steam engine in running it will reappear as electric energy at the 
ratio of 1.34 horse-power per kilowatt. In electric motors the process 
Is reversed, and im large motors perhaps 9S per cent., the electric energy 
passing through the motor as so many amperes at a pressure of so many 
volts is converted into mechanic power at the ratio of | kilowatt = Lod 
horse-power. Small motors are much less efficient, a fractional horse 
power motor utilizing only 30 per cent.. the resi being lost. in friction 
and other Wave. 


THE DYNAMO 


The Phot re WETS 4 4 riet V of machin 7m for i he con Version of mechanic 
MOO Into currents of electricity by means of electromagnetic induc- 
tion. 

rhe essential Darts are field MaAeiecs, AIMMAITeS, COMMuUtators:. 


and brushes. The field magnets may be stationary, and the armatures 
ade to move Past them, or the armatures may be stationary and the 
field m dgnets movable. : 5 
the field Magnets are electromaenets or masses of iron or steel 
surrounded by coils of wire, and which are to a certain extent permanent 
MaASnets, or, at all events, retain a sufficient amount of residual mag 
Tea to induce an electric current when the machinery is started. 
Phere is then an arrangement by which the whole or a part of the 
Sulrent so produced is made '0 pass through the winding of the field 
Magnets, arid they soon become exceedingly powerful. 
ne armatures are essentially coils of wire, usually with soft-iron 
a, which are made to cut the lines of force from the field magnets 
re Pete agin ee pebeps held magnets, is the ease may be. 
through the commutator e high o = an aa eS cou, and passed 
direct (j. ¢,. un idirectional ) aires bef cat hare es enem betes 
from which they pass to the field Be Pits tit a ‘ the 3 brushes 
: : we Tagnets and the external circuit. 
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The commutator, whose function has been explained on p. 111, ia 
of neetangular bars of copper surrounding and forming part of the 
ing axle in which they are set in insulated slote. Each commu- 
acction 1s a direct continuation of the wire from one end of the 
responding armature coil, and really forms the termination of it. 
re is no further path for the current until that commutator section 
nes In contact with one of the brushes. At that time the commu- 
‘section connected with the other end of the same armature coil ts in 
with the other brush. And then the euttin of this arm: 
through the lines of foree of the field wnagtipts Seve a annie 
D Peisses through the armature coil, the COMMUtAtor, one brush, 
extemal circuit, and the winding of the field magnet, the other benais 
: other COMMULAtOr sect lon. ancl the SA Te armature enol. The output 
dynamo 15 a rapid succession of such currents which mar pass 
the external circuit in the Same or alternating direction 
rF TO the construction ot the COMMuUtAtor. : 
The commutator sections are bare upon their external surface. so 
to be ex TM =e La complete elect ric COnCAeCT with the brushes “at the 
oper time. They are mlsid in hari rubber or indurated fiber. or 


| some small machines in ivory, which insulates them from each other 


mow 


‘om the stee] axle of the aly DATO. 
The brushes are in direct connection with the two terminals of the 
and are analorous mn function to the collecting combs of a 
machine, leading the positive and negative charges to the two 
the machine. They | 
Imes consist of flat brass 
which press upon the 
nmutators and come mm con- 
with the different commu- 
or sections and the insulating 
strips as the axle revolves. In 
rec di} the brushes are 
rectaneular pieces of cCarpon or 
brass held against the revolving 
commutator by the pressure of a Se 
Spring. 
 Series-wound and Shunt-wound Dynamos.—A dynamo in which 
the entire current induced in the armature coils passes through the 
winding of the feld-magnets is called a sertes-wownd dynamo |! Fig. 96), 
and this arrangement tends to maintain a uniform strength of current, 
the same number of amperes, no matter how Freat oF how small : ios 
resistance in the external circuit. This sort of a dynamo 1s used 
when the current is produced expressly for the operation of a number 


a 


ao ay = 
Bh 


of are lights connected up in series. The number of amperes which 
MUSt Pass through each arc lirht is from 6 to 10. he resistance of 
an are lamp is such that it takes 42 to 5? volts potential ‘to semi this 
current through one lamp. For a number of are lamps in series the 
voltage must be multiplied by the same number, in order to send the 
“ame strength of current through the series of lamps. This is accom- 
plishs dl automatically hy a Serics-wound dynamo. Pye, OF represents 
& dynamo which is driven by a pas-engine of a certain definite horse- 
power, and which will cause the armature to revolve at a certain rate 


OF speed when it encounters a certain resistance and ut » correspondingly 
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; whet the resistance i J emsite rut cl. 1) rn rh arn nl] 
hart ate of #1 Pen Ghat sf a areag nin 
iigher rate pent) : te of revolution of the armas. 
| I 1 om Sark eeres Loe Fate Of Pevol . na aE A tha J 
MUTA OF are nin ps in ie 4 ; ls 


that there is a balance payee ge ae 
ere arc eurrents Fcnerat i| iri thi oul rE 


and repulsions for the fie 


atter currents have attractions | Wee ee , 
: | to the motion by which the currents car 


betiwern the mechanic i ie Are 


. 5 

a a 

c re? “a. i | t i i 

dence Pee 
i 


nl = ad 

the number of lat pS were doubled and the resistance In the (Xterra 

CMa: GERE EEO | & t . - ae . : a J a _ 

ircuit were doubled, the increased resistance would tend to lessen th, 
i ie LP x &§ ak 


amperage ot the Current. srl Lise toe ImpPedenee te tl 


are ODDS] 


i 5 4 g= . S101 tee 1 hy eine I fi wero i " a F rk 
f the armature by the currents passing through it. | aS SATs 


hore-maywer beer applied trom the steam CELA ETI, the APINAtUIE. ot 
course, would revolve faster and a greater potential or number of volts 
would be produced. The result would DC That a hew and more rapid 
rate of revolution would be established, and we should again fing that 
the original number of amperes of current were penerated, but with the 
increased voltage necessary to send Coat strength OL Current through 
the increased resistance. A serics-wound dynamo may be called 
constant current dynamo. This is true up to the cupacity of the engine 
: in horse-power. Beyond that the 
dynamo would fail to dri Ve any ecur- 

rent through a series of are lamps. 
A shunt-wound dimamo (Fig. 97) 
is called a constant Potential dynamo. 
and is designed to yield a current 
of the same voltage under varying 


x conditions of the external circuit, 


| — | 
See: ir In such a dynamo the winding of 


Fic. 97.—Shunt-wound dvnamo: r the held-magnets consists of a great 
Rheostat regulates proportion of the two many tums of hne wire having a 
current paths, resistance about four hundred times 

| eee IO as great as that of the armature 
coils. Starting from the positive brush, the current Passes through a 
d vided path, one part going to the external elreuit and the other to 
the winding of the held-magnets, The return currents from the field- 
magnets and the external circuit join before they reach the negative 
brush. The eurrents which pass through the two different paths are 
Inversely Proportional to the resistance tn cach. If the external resist- 
ance 45 INecrenser| 9 Preater Proportion of the Current DaSSeS through 
the field-magnets, and this increases their strength and the current 
output of the dynamo. The reverse takes place when the external 
resistance is diminished. The result is a uniform voltage, under most 
conditions. 

Compound-wound Dynamos.—These are dynamos in which part 
of the Current to the external cireuit passes through the field-magnets 
and 4 portion does not. They are designed to yield a uniform voltage 
under all conditions from no load to ful] load. The 10.000 horse-power 
dynamos at N lagara Falls are of this type. pany 

In any dynamo the electromotive force or voltage iInereases with the 
speed, the strength of the field-magnets, and the number of conducting 
loops in the armature. 

_ Gramme's Ring Dynamo.—This is an important type of dynamo, 
In which « soft-iror ring revolves like a wheel on its alee its rim bet 
close to the two Poles of an electromagnet concaved so eis to bring the 





The latter has a winding 


nioless coil around the fim 
ring being re e direetion indica 
P ‘a | = Sect es i aa ri ee 
in Fie. OS. electric currents will flow ti 
irection snown by the small arrows. Commitutator 
I Ature at the pomts muiway 
‘ z : 4 iy Fs 
fhe pois of the mALgHe.L. AnG the one n Airne| - 
and the one marked is the negative pole 


arc “Tl aneed fi COT er | with t| i: oh 


the positive 
‘namo. The 

all; constructed 
.as a hand generator of electricity (Fig. 99) the magnet is a 
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aorvertul one of horseshoe shape, and made of laminated eteel. The 
armature consists of thirty coils, each having a large number of turns 
of fine wire. One end of each coil 
is connected with the adjacent end 
of the next coil, and also with a 
commutator section. The coils thus 


form a continuous circuit, tapped 
st intervals by the commutator 


t t i 1 .—(5T ss fioge cy meme. 
Fic. 98.—Gramme's ring armature in Fig. 99.—Gramin al 
bipolar Geld. 
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sections. The armature core is made up ol og eed ee 
wires forming a continuous ring. A hand machine ot this Kind yields 


| 


a potential of about three or four volts, which 1 about the sone: = 
is yielded by three or four Daniell cells. The current 15 4 Strona ee 
and a hand machine could be used for cautery purposes OF ae he 
a faradic coil. But for most clectrotherapeutic work the choice hits 
between a battery, either primary or secondary (storage), and a power- 
driven (VnaMmo. =g eet a= 
A Dynamo Suitable for a Separate x-ray and agree 
peutic Installation The apparatus shown in Fig. et er fyeine 
driven by a gas-engine; hoth operating upon the zame shait a . : aid 
asingle machine. The dynamo itself may be independent ae half 
by a steam or gas-engine or by water power. ashes Sore 
Kilowatt dynamo requires four or five horse-power to run pf oa 
a current of 20 amperes anc 125 volts. The dynamo ise ie cr 
about 30 inches in all three dimensions, weighs about ood pouns ied to 
makes ahout 1150 revolutions a minute. This dynamo E a ee 
Yield a direct current of the above amperage and voltage, uae ; cael 
are made to yield various other strengths, and an alternating rr 
if desired. 
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Motor Generators.— When the 


ined, but we not of the required 


Fig. 100.—Dynamo driven by & gr-engine 


electric motor which in turn produces the rotation of 
consequent evolution of an eleetrie Current, 
IS Called a Motor ECnerator when hoth Darts ire mounted 4E opposite 


a 
a dvnamo and 


The complete apparatus 


Fig, 10] Hotery transformer Or moter oemerabtor. 


ends of the same ax 
(Pig. 101) makes 
trolley-car current 


ie ane revolve a3 one 2olid mass. Such an ADDArATUS 
| { 


i f s ia 4 = ee aerelle 
[ Practicahle to onvert the Chir] MA! Volts 
ALINE 


into a 110 volts current, either “‘direet” or Am hl i 
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for electrotherapeutic purposes. It requires very little care, and is 
, as an clectric light. This is the moat 

' “pparatus for the utilization of the direct current 
for the operation of the type of x-ray apparatus which, like Gaiffe’s 
employs 4 step-up transformer. | 

Polyphase Currents and Polyphase Dynamos and Motors.— 
Polyphase currents in ther practical application were the ieee 
of Nikola Tesla. ihey are produced by a dynamo. usually with the 
(;Tamme ring uy pM cl armature, by making the connections il sited al 6 
manner that similar alternating currents are sent out through two 
different sets of conductors at different periods im the evcle of the 
dynamo. The diagrams represent the production and characteristics 


of 4 diphase current. 


i 
turned On and olf ss reacils 
rac reall } L’ [M » ce FLT 


Che ring-wound armature js suppozed to he 
Axed between two rotating field magnetic poles placed At the siles. 


and not shown in the diagram. A current derived from the ATINATUTe 
at a and 4 would have the maximum strength, and such a direction 
that a would be the positive and 6 the negative pole. Conductors 
leading from ¢ and d, the parts of armature at this time in a direct line 
with two field-magnets, would be devoid of current. As the field- 
magnets rotate, the current in the conductors a and 6 becomes less and 
less, and that in ¢ and d greater and greater, until, at an angle of 45 


ae 
c | i ! 


7 e 


ne 
(tT) 
= 
Fig. 102.—Polyphaze currents, and Grammes ring generating them. 


degrees measured from the original position, the currents in both SEES 
of conductors are equal and in the same direction. At 90 degrees ve 
current in c and d has reached its maximum, and that in and 6 x2 spite 
At 135 degrees the current m a and 6 has changed Ee POantsy = z 
as strong in the new direction as that in cand dis int he original CHEE: 
The latter is diminishing, the former creasing, m strength, =e 
180 degrees the current im a and 6 has reached Its copiers ie "hee 
the positive and a the negative pole, and the CUE a as 
become zero. The remainder of the cyele brings about chaness 
restore the original condition of the two currents. narks, and may 
A polyphase dinamo may be absolutely free trom Staten’ =n without 
not have any uninsulated surface anywhere. It may be mace ¥ er- 
commutators or brushes. The ficld-magnets Truay be Laide lings 
Inanent magnets, with completely insulated scaeanrsebr ans pnt 
in which currents of the proper direction are pee fst ge H the four 
in the armature coils. The ring armature Is stationary, ae © th its 
or more conductors leading from it have soldered gone eS ad 7 
coils. and the whole may be insulated. The points a and © sunt : be Re 
ire Stat lOnArY, burt the current Aiow in consequence al pone the 
the field-rmagnets is the same as if the armature besa pana one conse- 
fields stationary. The same absence of movable contacts an tilized for 
quent sparking is found when the polyphase current? 406 ee 
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‘ra MOLT or 8 ToLAryY Conve rier [t makes eli etric DPoOwer AV ail. 
ble in mines and factories, where the slightest spark would cays oh 
clang rous explosion. Polyphase currents are cirectly AY aAilable for 


Eien esis ‘ We. ¢ 
Dhey are also of the greatest value commercis iy tor the [TANSaMission of 
power im the iOrm of ecleetrie eurrents. The D Wier Lransmitted is 


by the number of watts or the amperes multiplied by the 


the operation of motors, while ordinary alternating currents are nev 


F 
yb Woe om & I 
at gil bs il La 


uC 
volts, and since the heating effect upon the WIre Is Pract ically dependent 


tely upon the number of amperes, the amount of copper required is 


= iL.o 

mu ] less wit h | high voltage “anel how ete a thar with Lt li rw Voltage 
and great amperage. The transmission of triphase currents at 6600 
Tolts COS LS Less than | Peer Cent. AS much for Copper conductors ot the 
transmission of the same amount of energy over the same distance in 
the form of a 550 volts direct current. The higher volisere 13 conse 
quently employed for the transmission of electric power for long dis- 
Panines, €5 (rom Niaga ‘a Falls to newehb Ting towns. The insulation 


must be very complete, first, to avoid expensive leakage of current 


under this high pressure, and, second, because accidental contact. 
direct or indirect, with a current of this character could hardly fail to 
be fatal to animals or men. Indeed, even in the power-house. where 
MS Current is converted by transformers and rotary converters into the 
a 0 volts direct current supplied to the trolley line, the workmen are 
Hable to develop obscure nervous disorders. ‘These occur without any 
accidental contact with the conductors, and are not due to leakare 
Oo CUFTent, but to the influence of expanding and contract me lines of 
force. That there should be an effect upon the men is easily understood 
when we consiler the physical and physiologic ettects produced by 
proximity to an Oudin resonator or a D’Arsonyal transformer (both of 
them employed therapeutically), without actual Contact or sparking. 
Accidental contact with the HM) volts direct trolley Current mar he 
iatal to men, but is not always so. It usually is to horses. partly on 
account of their iron shoes, while men are partially insulated. A trolley 
Wire may become an especial Source of danger if it comes in contact 
with a wire carrying the electric are-litht current. 

Poly phase currents are useful therapeutically if the proper voltage, 
amperage, and periodicity are provided. A ease will be referred to in 
Sreater detail in which progressive muscular atrophy was cured by 
baths through which triphase currents were passed. This treatment 
was combined with faradism. The polyphase current. is akin to the 
sinusoidal voltaic current, and they are both an Improvement on the 
direct voltaic current interrupted at irrecular intervals by hand for 
therapeutic purposes. ; 

A Rotary Converter.—This has been alluded to, and is a motor 
and d Ynamo combined. It is used for the conversion of one type of 
current into another, and may be constructed to yield an alternating 
Or a direct current. or a polyphase current, and of any ordinary voltage. 
But extremely high voltages must be obtained by the use of a step-up 
transformer, ; 

A small apparatus of this type may be used to produce the sinusoidal 
voltaic current, and indirectly the sinusoidal faradic currents, which 
are £0 distinet an Improvement in the therapeutic application of voltaic 
and faradic currents. But some of the machines which have been 
constructed for this purpose give a simple alternating current, and not 
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other words. they | 
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fi Current 
ore direction, 
Lhen IMnCrensing 
then gradually ¢ 
ratus employed by the author. lhe apparatus alluded to is a 
hinAlion oF A varinhble TeSistaAnce and pole-change 
i¢ motor (p. 470). 
touw-hich ma 


re: | 1 / 
fradually im the 


ImMMmMishing bo 2ermo, as m the 


T rF actunted hy an 
the ordinary rotary transformer produces 4a 


n bey = ITMre OF loss abr Lp alternat Thi [rom rul| strength 
ne dirce tion to ZOCTO. ari 1 hen A4fain to full stren¢eth in the other 
‘tion, and is not so suitable for this work. The fault 


‘ ; however, 
mav be remedied by proper construction. 


) : What is required for some 
Wrposes 18 A CUITENt Varying gradually {from maximum to minimum. and 
‘hen with a reversed polarity, each complete cycle taking about two sec- 


= La 


and the maximum potential being 110 volts: the current streneth 
or amperage to be regulated by a rheostat in cireuit with the patient. 
Power of Continuous Current Dynamos.—The electromotive 
foree is proportional to the intensity of the magnetic field, the number 
ef turns of wire moving in it, and the speed of movement. The rise 
is gradual between the two poles. The relation between the electro- 

motive foree, the current, and the resistance in the armature in a 
avn amg ol pervs ()hm's law. 

’ Power of Alternating Current Dynamos.—Here the relations are 
eomewhat different, it being found, forexample, that doubling the speed 
does not, as a rule, double the current, although it does double the 
electromotive force and will send the origmal current through twice 
as much external resistance. 

Dynamos designed to light 500 16-candle power lamps have arma- 
ures 10 inches in diameter, and make about 750 revolutions 4 minute, 
the current being of 110 volts and 310 amperes. About 70 per cent. 
of the power employed to run the machine 1s actually utilized m = 
lamps. Ninety-three per cent. of the power 1s converted into elec- 
tricity, but a certain portion of this is consumed In overcoming; variors 
resistances and inductances outside of the lamps themselves. 


oméels 


THE INDUCTION OF DYNAMIC ELECTRICITY BY ELECTRIC CURRENTS 
There are two principal ways in which a current of anos: 
passing through a coil of wire will produce a current im 8 site ‘hich & 
coil of wire. In the first place, an active coil or one apices he | ana 
curresit ss passin ¢ may be moved toward and away from u et arabe us 
and excite currents in it just as a magnet would. The Ee ani elther 
produced if the active coll is stationary and the other TAO ar - ee 
case the lines of force about the active coil are analoeyS he can to the 
4 magnet,-and the currents produced in the other cou ae sequence 
turns in the other coil cutting through these lines of force In CoMSS' 
of the motion of one or other coil. This method of yreanso the 
illustrated in the dynamos which have been deBerIes mere no less 
armatures ancl ficeld-magnets ere i of wire Wilt | 2 
Important than their iron and steel cores. pete we which variable 
The other principal method is by induction, by haar Sic 2 
currents in one stationary eal excibe currents mm anothe a 
Induced Currents.—It has already been stated that a continuous 





5 th oa ap FLOSS TOs Fi’ HATS 
12: 4} hd i Ta ELE TRL! rr Ai 


through one wire does not se abilaiage gba | in Al. 
il : ea the Wires Are both motionless. : A, se = at very 
newhh ring wiré UW to Le current starts or stops or YT Aries ith strength 
fferent ahi when bars ik oe in the active wire results in a tem. 
iF direction. “VEErY St fie | 


sent in the other wire. The simplest case, and one whieh 
rHITArV CUTE LE bP i 


shows the Priel pie ogee aah parallel wires near Pre ky other in the 
is founded, is thal - ral etrie! y is turned on or begins to flow through 
1}' hen ok seactetier ; ” = a oe Aows throuch the eric Wire ane 
«Smeets Petar ean While the current is flowing uniformly jn 
tae ha} MISITe ao i rey fee nie the eateenit wire. When the 
ist Wirt, oe pare ge. eee + re 4 momentary current 15 produced 
current is tumed off In the airst Wie, ! ge Perey Lima Sees yar 
in the second wire, and this 1s m the same direction a= alki . BETea whic 
a just ceased to flow through the first wire. hanges m the st rengt 
of the eurrent in the first wire produce similar effects; AEE TCTEaSE In 
current induces a current in the opposite direction in the second wire, 
while a reduction in current strength in the first wire induces a current 
In the same direction in the second wire. : el 
An example of the practical application OT the induction Or CUrT PLS 
in parallel straight Wires 18 seen in the Process ol telegraphing irom th 
moving railway train. In this case the series of dots and dashes in the 
Morse alphabet are transmitted as a series of Interrupted currents 
passing through a wire fixed along the top of the ear. Along the railway 
is a wire running parallel with the one on the car. and as near a5 prac- 
ticable to it. The currents of electricity In the wire on the car induce 
currents In the stationary wire which actuate telegraphic instruments 
at any reasonable distance along the line. This is due to simple induc- 
tion, and is not. the Same as what has become known as wireless feLey- 
raphy, and which will be alluded to again in another part of this book. 
__ induced currents are due to the expanding and contracting lines of 
lorce about 4 wire th rough which a current of electricity passes. The 
inducing foree is the same as in the case of Induction of an electric 
current by the motion of a magnet; and in this case the relation between 
the mduecing and the induced eu rents may be very simply expressed 
as already mentioned. : : : 
The fe lowing are the laws of induced cusp ears 
Saflceuths eG cse 3 — = prmary current begins to flow or to 
leveloned in ¢h. 2? 22 Mduced current, inverse and momentary, & 
developed In the secondary coil or circuit. : 
Seas pare hs the mecca oe the conductor gives rise to an 
3. At the moment oociand % uae MVErSS an momentary. tee, 
purer ih \ Ceases, or when its tn tensity cimin- 


(he secondary coil or cireuit. di 


} ety rect and momentary. 
ce riper hc ms ee fin practical use for a hundred different 
poses. Te consists of « nani SPParatus, a8 well as for commercial pur- 
and sometimes g condens Rai ae Secondary coil, an interrupter, 
4 voltaic battery. a ete... 12 “UPPlied with an electric current by 
Fayaler ee osttery, or a dynamo circuit, like the 


electric-light system. Jt viel 
| = SAETN. Yields a succession af : hig 
are usually of very differer “ESS10ON Of induced currents which 


3 t potential fr Sarees cine itt 
of much higher Voltage it ental from the Primary current, bemg 


eee o crest thera Mu bie surposes r 4 al | 
induced currents are of an alternating chavccua irposes, And these 


clirrent aS 


n which the entire system of induced CUTTEn ts 
upon which tit : : 


c 
Fi 
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» Primary Coil.—The coil oj 


[25 


Wire 1 ron oh which the current 
Sor ee es PASSOs 15 called the primary ervil 
corte ch thn da <n whe called crit Prunriay We curren, The primary 
\ COTISIS(S int i stall Dwi ler cit Luirms anf rat her a ts copper 
= a in “ha ke | . So . = bl | a ne ie A J" ; | 
ch is Insulate d by aw rapping of cotton, and whieh is 
ingle or a lew complete . 


a sl a at . 
+t i DATLCryY or dvnama 


wound 
; se layers covering the outside of the bundle 
Fron Wirts which fOr the core of the primary coil. The two ends 

| are Inairectly connected with the battery ordynamo. When 
the electricity 15 Turned on, the primary current is said to be made: 
and when the electricity Is turned off, the primary current is said to be 


= =e 
ree Paes 
L/S 


. 5 ie 
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It will be seen later that the currents induced in the secondary 


ie 


ocur In consequence of the making and breaking of the primar; 
Current, anc that they are calle. for convenicnce. the make a nd break 
.~rrents. ‘The break current 15 the more powerful, and for x-ray work 
-.+ho only current desired. : 


fal 


Two circumstances in recard to the primary current may imteriere 
with the most effective production of the break current. They are both 
nnxiiced by self-induction in the primary col. This acts especially 


nduce a break current m the primary, which forms a sort of con- 
enation of the primary current, and is in the same ‘direction; and 
then again this induced break current in the primary 1s of higher voltage 
than the primary current, and causes an electric arc at the mterrupter 
the current is broken. Both of these circumstances interiere 
a sudden and complete breaking of the Primary’ current, and 
‘ust be overcome or regulated in order to secure the best results. 
 Self-induction in the primary coil is illustrated very well “s 
simple coils, without any secondary coil, whieh Hope _ Pe 7 me ly 
eas in theaters and other places where it 15 ee at ts eres 
match to every gas-jet. lé the CUITEnt Tron 8 ee af % 
aceud ¢hrouch a simple coil of wire and then be quickly cut of © 
passed throug Sin yy aelf-induction which has such high 
broken, a current is generated by = Seth ae ll the different burners 
voltage that it will leap across the spark-gaps at al the ©S" "ree cells 
and ignite the gas. The original current from one Pa nrodtiee z 
of a dry battery, if passed through a short Shen ie bse fegh Sa 
tiny, almost invisible, spark across & VeTy_ SAF cee be a long one and 
the switch as the contact 15 broken. But uf he a ie m each other, the 
made into a coil, the turns of which a ota techie even a third of 
Spark at the switch when the current bro} SAE ir the same purposes 
an inch long. A self-induction coil may be ee ad the other physiologic 
as a faradic coil, exciting muscular contraction #1 tas an induction coll 
effects, but it would not be 80 good or 5o.cOm" eTrhe presence of an iron 
with both primary ancl accondary woe nae secondary current, 
core adds very much, indeed, to the strengt’ art of an induction coll. 
and it has long been eonsidered 2 eRe Yeeacationn by Lewis Jones 
This is not the case, however, and recent 0 "discomfort to the patient 
show that equally beneficial results with Seat ae Core. 
are obtained from a faradie coil without I and a couple of dry-cells 
lf the self-induction from & small ee af gas-jcts, it is easy 60 
produces spark enough to light a great Th ree primary coil like that of 
understand that the self-induction mm © jes thirty or forty voltaic 
tnray machine, accuated Dy the eurrent Fat ice a ery POW 
ra pant pod nisi ae when the contact & broken. 
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old he an open knite-awitch near the coil, and this shou 


before the connection 1s eithe 
There is thus no current 

socket key is turned on or off, and consequently no arcing there. It is 
better still to have the feed wires pass directly to the knife switches 
without the intervention of a key socket. Even at the knife-switch 


precaution should be taken aramst the tormation of an arc. This 


will not occur if the switch i opened very quickly, and special switches 
Fig. 103) are made to accomplish this. They are closed just like an 


F i. 103 .—( Fad tresk switeh for Hired CUrrene of rps SLT Perris ar lems 


if pa i be F er. ._s ri _ . . = = a 

Me Lie - ‘ 7) SNArin wre i Bes * . Pn, aa = 

hat . 2 = te z Springs W it hi which at makes ct | contact is hinged. ea) 

thie forces mains held in position by frietion as the switch is opened until 
a On & spring between the rest of the blade and the hinged 


Porton becomes freat enough suddenly to draw the latter out from 


uetween the two clutches. An instantaneous break like this is not 
ea: produce an arc. No special arrangement for making a quick 
space, perhaps only ck eee en NL not leap across any appreciable 
nveiard tha: On 3 : ¥_y90 inch, as one metallic connection is brought 

; LHe other, I here I no Current flowing through the rimary 
coil, and so no self-induction is operative until after the scntant: han 
been made. The make spark at the switch which turns on the primary 
current requires, therefore, no consideration except for the fact that 26 





ys AMT ELECTRICITY 


5 
a f 


e mfammable explosive ¢rare 


if they ire preset The 
nare avi hae rErubE Foe hg eat ? i . phe : : Dekel Ti 
spark at the primary switch 1s due to the seli-induction im the 
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tendency to produce an are between the terminals and this corrode: 

i} a | a ] ad | 7 pes? «=F i ie = n= i : aE oe | | 

the two Metal Suriactes and makes it citheult ta press the knife of the 

L ; = % oat i | | | 


switch into the slot between the two springs where the contact is 
nade. It also produces danger of fire, and the switch should 
be mounted on a slate or marble base, and care should he 


always 
hl , FES : taken La keg Pp 

mmable substances out of reach. There is the possibility of an are 
orming across the whole space when the switch is turned off and the 


current continuing to flow across the space as an electric are. This 


would most effectually ruin the switch by fusing the metallic terminals. 
To obviate this possibility the termmals should be placed so far apart 
that it will be impossible to strike an are between them. 

A isuife-switch Intended to turn off and on a primary current of 110 
volts and up to 35 amperes should not have a space of less than 12 inches 
between any of its stat lOnAry metallic terminals. In pract ie it i not 
usually necessary to have a quick break attachment, but it is necezsary 
to have a knife-switch instead of the ordimary key, such as is used to 
turn an incandescent lamp on and off, and care should be taken to open 
the switch quickly every time that the current 1s turned off. In the 
ease of a portable outfit carried to a patient's home and connected with 
an electric-light socket, an ordinary key receptacle, there should be a 
knife-switch on the z-ray apparatus, and this should be open while the 
attachment 1s made at the electric-light socket. The z-ray apparatus 
should not be in condition to operate while the connection Is being madeor 
broken at the electric-hight socket. Nocurrent should be flowing when the 
electric-light key is turned off, and care should be taken to see that the 
knife-switch on the z-ray apparatus is turned off before the electric- 
licht key is turned cither on or off. When this is done, 1t will be found 
that the heavy current will be carried all right by a lamp receptacle m 
which the contacts are good, while it would very probably burn out the 
contacts to turn a heavy current on or off at this point. Properly used, 
the lamp socket simply brings the supply of electricity to the knite- 
switch of the r-ray coil, and it is Imperative that the latter should be the 
place where the current to the z-ray coil is turned on or off. 

The same seli-induction in the primary produces the little spark 
which is always scen between the contacts where the primary CUITeT 
of a faradie battery is made and broken. The spark makes it desirable 
to have the contacts made of platinum or some other metal which 15 not 
easily corroded. But with the weak currents employed tor this purpose, 
sometimes supplied by a single dry-cell, no special precautions need be 

taken except to keep inflammable gases away from tt. 

The 110 volts direct current, if not interrupted, could be drawn out 
into an arc several inches long if a current of a rood many amperes had 
been flowing, and if the contacts were separated slowly. The current is 
practically completely broken by the Wehnelt interrupter, however, 
and no spark OF are ean last more than an exceedingly small part of a 
second 48 the switch is opened. A break in the cireuit occurs at the 
platinum point immersed in the liquid, and when a good contact 1s 
reestablished at that point, the metallic contact at the switch has been 
completely broken. Even though there may be a break spark at the 
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switelh from =lf-induection in the primary, ait spark 1 of only Momen= 
tary duration when the Wehnelt or other good interrupter is used. 
With ordimary care about making a quick break one may use an ordinary 
knife-switch for Interrupted currents as Strong as 25 amperes, with no 
other inconvenience than the occasional necessit ¥ for filing the contacts 
smooth wher thes have heen rusescl 

This does not at all mean, however, that it is <afe to turn a current 
of this strength on and off by means of an ordinary electriclicht kev. 

‘he electric-licht socket may carry quite a heavy current if there if a 
knife-switch at the coil which is turned off both when the ceca jek 
key is turned on and when it is turned off. In this way the electric 

ht key connects or disconnects the knife-switch with the source of 

:, but does not itself turn the current on or off. 

Recurring to the subject of self-induction in the Primary of an x-ray 
coil, tt must be seriously considered in the construction of any type 
of interrupter for making and breaking the primary current hundreds 
or thousands of times a minute. With 4 CUTTent strong enourh to do 
the best trav work, it is difficult to do this by any Apparatus which 
makes and breaks the contact in the open. air. although there are 
interrupters of this type which work well with moderate currents, With 
the most powertul CUITEnis, no OpDCn-air ntermipter will accomplish 
the result: there will be arcing, and the current flow will not he ene 
rupted. i renerally speaking, the self-induction Spark makes it necessary 
LO wee either a mechanic interrupter in which the metallic contact 13 
made and broken beneath the surface of some liquid which suppresses 
the arc, or a liquid interrupter of the Wehnelt or of the Caldwell-Simon 
type, in which the two metal terminals are always wide apart, and the 
interruptions are due to an effect of the current itself in flowing through 
the liquid. 

The self-induction in the primary of an x-ray coil makes it act like 
Pi | choke crn). With the SAME conditions Th every respect, except that 
in one case there is great and in the other little self-induction. the 
current strength which will pass through the primary coil is markedly 
greater when there is little self-induction. 

A Choke Coil.—Ilf 4a cou of wire formes part of an electric circuit 
through which an alternating or an interrupted current passes, the 
self-induction in the coil may be so adjusted as to impede the flow of 
the current to almost any desired extent. A coil made for this purpose 
is called a choke coil. The impedenee which it offers is not analogous 
Lo friction, Pe Re 1s the Impedence offered by a thin straight wire to the 
passage of a continuous current. In the case of ordinary resistance the 
reduction in current st rength is accompanied by the heating of the 
conductor and to that extent there may be a loss or waste of power by 
the conversion of electrical energy into heat. A choke coil, on the 
contrary, will reduce the amount of current flow by an inductive action 
without proportionate heating. If ordinary electric resistance is 
likened to friction, then the impedence offered by a choke coil may be 
likened to that of an opposing force exerting traction In a direction 
opposed to the force by which a body is being moved. Where it is 
applicable, s¢lf-inductance is preferable to resistance as a means of 
reducing or regulating current strength. It obviates the danger of 
fire and the wear and tear on a resistance coil from the heating effect 
of the current, and is much more economic of electric energy. Self- 
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eo wound that a current of only Ll amperes will flow through it. Then 
the two wires leading to the coil must be kept wide apart, because there 
will he a tendency for an mck iet Lith spark th Hash aeCroOss beter; them. 
No such tendeney would be noted in the case of a 110 volts Interrupted 
direct current regulated to a current strength of 11 amperes by an 
ordinary resistanee. In fact, in the latter case a much shorter spark 
will pass between the two wires leading to the resistance than would 
pass between two loose ends of wire. forming the terminals of the 110 
volts circurt. 

A choke coil is available instead of a rheostat, or resistance. for 
regulating the strength of current for an x-ray coil, and, in fact. the 
primary coil of an x-ray outht itself very often performs the function. 
In the author's 12-inch z-ray coil the self-mduction in the primary coil 
when the current (110 volts direct incandescent light current modified 
by a Wehnelt mterrupter) has to pass through the two layers which 
form the whole length of the primary wire, is much greater than when 
the connections are made in such a way that the primary current passes 
through only one layer of the coil. There is quite a difference in the 
current strength which will be transmitted in the two cases with the 
rheostat turned to no resistance and only the flat end of the platmum 
rod exposed to contact with the electrolyte in the Wehnelt interrupter 
and with a No. 13 Muller tube of the same degree of vacuum in the 
secondary circuit. With great self-induction the primary current will 
be only 4 amperes, while the moment the connection is changed to 
a small amount of self-induction the current increases to 54 amperes. 
The merease in current is not due to the lessened ohmic resistance 
from passage through a shorter length of wire, for there is only about 
one ohm’s resistance in the whole primary coil, and this forms an iIn- 
significant fraction of the total resistance in the primary circuit. The 
difference In current strength 1s due almost entirely to the difference in 
the amount of self-induction. When the interrupter is arranged to per- 
mut a much heavier current, the difference in self-induction 1s still more 
evident, and with the largest self-induction the primary coil acts really 
as a choke coil, and no matter how much of the platinum point may be 
exposed. not more than 10 or 12 amperes of current will pass through 
the primary coil. But with a small amount of self-induction a current of 
15 or <0) or even 25 amperes may be made to pass. The author's 5-inch 
"Gear coil has a primary in which three different lengths of wire or num- 
thie eee may be used, and the variable self-induction obtained in 

is Way offers a valuable means of regulating the strength of the 
Primary current. In facet, with this apparatus, which is a portable one, 
ho rheostat or amperemeter is required. The different lengths of the 
Pistinum point exposed to contact with the liquid electrolyte, in the 
ehnelt interrupter, and the different amounts of self-induction in the 
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wire, The voltage of the secondary current depends more than 
anvthing else Upon the ratio between the n uml er of Curms In the second- 
ir coll andl the number m the primary eoul. And i the latter number 
is Increased, the voltage of the secondary current will usually be dimin- 
ished, and its volume or amperage will usually be increased. 

In connection with the subject of sclf-induction, 1t must be home 
in mind that two currents of electricity do not flow through the same 
wire at the same time, cither In the same or m opposite directions. 
Under any circumstances a current of electricity takes place in conse- 
quenee of a difference of potential at the two ends of the wire, and, 
other things being equal, the current strength is determined by the 
difference in potential. The difference in potential is produced by the 
application of power derived from chemiec action in the case of a voltaic 
battery or of a storage-cell, or from electric or magnetic induction and 
mechanic motion in the case of induction coils and dvnamos. The 
difference in potential or voltage is an index of the streneth of the 
electromotive force. In the case of a simple wire connecting the two 
poles of a voltaic battery in operation the electromotive force is a 
simple force exerted in only one direction and a current of corresponding 
ie ngth will flow through the wire. But now if another voltaic battery 
hall hove : ge iat eae aghast : uf tery an d the same simple wire, ue 
sake sane licen rithgy ho. i on ca) c Lf the tw ) aire exerte 
will be determined by the sum of the voltar; onthe ne HE 
on the other hand the ras Faas nh hit tage of the two batteries. If, 
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The counterpressure duc to the foree of PTaVILy Ls analorous to the 
eounterclectromotive force developed by seli-mduction. 

Self-induction may be used to render an intermittent current 

nractically continuous. The break current or the electromotive force 

‘a duced when the initial current ceases to flow is a powerful one, and 


‘c in the same direction as the mitial current, and may bridge over 
he period between one pulsation of the initial current and the next. 
rhe make current or the electromotive force induced 
ial current arain hevrins to How isin the opposite direct Ion, 
the How of the mitial current to some extent. “Lhe current 
fow mav, therefore, be practically continuous and of uniform strength. 
Such self-induction coils are in use in connection with a mercury are 
rectifier 25 part of the apparatus employed for converting an alternating 
current into a direct current, suitable for charging storage-batteries. 
Self-induction Dependent upon the Nature of the Initial Cur- 
rent.—There is practically no self-mduction produced by the passage 
of a continuous current through a straight wire. But when the current 
is one of an alternating character, especially if of very high tension, the 
self-jnduction. even In a short straight wire, becomes so Freat as (oO 
offer an impedence as great as that of an air-space of one or more 
inches. Under most conditions, if the two terminals of a source of elec- 
tromotive force are connected with the ends of a short heavy COP per 
wire, every bit of the current will pass through the wire, and even if 
its ends are bent around so as to be within an exceedingly small distance 
of each other, no spark w ll cross that space. But with the modem 
high-frequeney current apparatus for therapeutic use the self-induction 
developed in the wire offers so great an impedence that the current will 
flash aChOSS & space enmetimes as FTeCat as a] inches, instead of PSST 
through a foot or two of a heavy copper wire. This is in spite of the 
fac that the ohmic resistance of the copper wire may be so shight that 
it would tranmit a thoussnd times that amount of power in the form of 
a Continuous current of either hich or low voltage. 
_ The amount of reactance or counterelectromotive force due to self- 
Induction 18 usually diminished by adding to the capacity of the circuit 
or by the use of a condenser, and this is one reason for the necessity of 
& condenser in the Ruhmkorff coil. f 
The total impedence in a circuit is usually made up of the ohmic 
resistance and the reactance or self-induction, and usually the square 
of the total impedence is equal to the sum of the squares of the ohms of 
resistance and the reactance. Thus, if the ohmic resistance & 4 ohms 
and the reactance 4 ohms, and the current an alternating One of 
) eyeles a second, and the voltage 120, the total impedence would be 
vd ohms (25, the square of 5=9+ 16, the sum of the squares of 3 and 4). 
Phe reactance would be increased by the presence of a soft-iron core. 
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Che henry is the unit of induction in all cases, not merely in that of 


atic nenaicuction of coils to have a certain self-induction is largely 

experimental, and the details are different with each different com- 
bination of current and apparatus. Ihe primary windings which 
produce the most desirable amounts of self-induction in r-ray coils 
are described with practical details m the chapter on x-ray coils. _ 

[he Oudin resonator furnishes a most striking example of selt- 
induction. An alternating current of very high tension and high- 
frequency supplied by an induction coil and two Leyden jars passes 
through one or two or three or more turns of wire, and bevond one of 
the terminals the wire is contmued im an ascending spiral for twenty or 
thirty turns. The bare binding posts by which the wire from the 
Levden Jars are connected with the wire of the Oudin resonator may be 
touched bY the finger without receiving a disarreeable spark. But the 
effect 1s multiplied by each turn of wire, and at the free end of the 
resonator the wire gives off an clectne effluve or visible brush discharge. 
3 or 4 ches long, and if the finger is brought within 1 inch or so, a 
powerful stream of white sparks, more or less painful, will be received. 

The Interrupter.—A continuous current or one of uniform strength 
anc passing in One direction does not Induce 4 Client in “1, neighboring 
wire. It is necessary that the current should be made and broken at 
regular intervals and with greater or less rapidity. For most purposes 
the rate of interruption is from 1200 to 2000 times a minute. The 
form of APDPAaratus emploved Varies according to the strength of the 
current and the rapidity required. 

The Electromagnetic Vibrating Interrupter or Hammer Interrupter.— 
This is the form almost always employed in connection with faraclic 
cous, and often with Ruhmkorff coils. It may be used with z-ray 
coils, but some other type is usually selected when heavy currents are 
ec) be employed. li consists of a disk ot iron or stec] fastened upon 
strip of spring metal, which tends to keep the hammer pressed hehtly 
arainst a point of contact from which the hammer is drawn away by 
the attraction of an electromagnet. The moment the contact is broken, 
the current ceases to flow through the winding of the electromagnet 
and the hammer springs back to the point of contact again. Each 
cvele consists in making the current, attraction by the clect romagnet, 
breaking the Current. cessation of attraction by the electromagnet, 
and making the current again. When properly adjusted, such an 
mterrupter begins to act the moment the current is turned on hv closing 
& switch or by immersing the clements in a battery. If it does not start 
st once, It may te: hecause the point is not in contact with the hammer 
ee the poms is screwed s0) far forward that even the pull of the 
sate OmaAgmet will nol separate the hammer from the Don t of contact 
and break the current. This adjustment must be made to enable it 
Wo act properly, but even then the interrupter will sometimes fail to 
Start spontaneously, and will require a touch with the finger to start 
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roperly be regarded as a structural defect whieh should 

by the manufacturer. The points of contact on the 

he surface opposed to it should be of some metal 

which docs mol easily oxidize, cither from PX PSUre To the air or under 
‘he action of an electoc spark. 

The metal strip on which the hammer 15 fastened may be so made 
that even ti n the current is ent irely disconnected from the Apparatus 
++ will vibrate back and forth for some time before coming to rest. In 

this ease the rate of interruption will be determined to a great extent by 
the periodicity of the spring itself, just as the periodicity of the hair- 
spring of a watch keeps it vibrating in seconds exactly the same from 
rhe time that the watch is wound up until 1t runs down. In the 
of the watch, the ft exerted by the mainspring varies tremendously 
during this time, but the periodicity of the hair-spring’s vibrations 
continues the same. An interru pier generally has a Periodic y of its 
own, which can be varied so as to produce rapid or slow interruptions 
in the primary current. This adjustment is sometimes made by turning 
a screw which advances the point of contact and makes the to-and-fro 
path of the hammer and its periodicity shorter. 

~ ‘The Ribbon Interrupter.—To secure a very great range of Variation 
in periodicity the vibrating hammer is fastened to a steel band which 
is held tightly at its two ends, and the tension upon which can be varied 
by turning a thumb-serew. Its rate of vibration can be changed from 
a rate so low as to give a coarse, rough, bass sound, by which the mter- 
miptions can almost be counted, to a fine, almost maudible sound, 
representing almost the highest note perceptible by the human ear. 
The secondary current, especially its physiologic effects, are greatly 
influenced by the rate and character of the Interruptions in the primary 
Current. 

Atonie or Aperiodie Interrupters—Gaifie and other manulacturers 
of r-rav coils have fitted them with hammer interrupters in which the 
hammer will not of itself vibrate back and forth even if started by the 
finger. This is accomplished by having the pressure of the spring 
Strong enough to prevent @ rebound when the hammer ts pressed back 
against the point of contact from which it has been separated and 
allowed to fly back. Of course, the electromagnet must be strong 
enough to overcome the pressure of the spring and draw the hammer 
Aa ay from the point ot eqncact. Such afl interrupter iS designed to be 
governed by only two forces, the attraction of the electromagnet 
acting as long as the current flows through its winding and the pressure 
of the spring. The latter is so adjusted that at no part of its path Is 
there any spontaneous reboundl from the pone of contact. The Spring 
iS hever in a position to vibrate back and forth. The point saline: 
is pressed so far forward that the spring Is never allowed to reac 1 Be 
neutral pont; it 1s always making pressure m the same direction, NEV er 
in the opposite or rehound direction. This 13 thought to be aaa 
absolutely harmonious with the current and to give @ better character 
af interruption for x-ray coils than those with an inherent periodicity. 

Hammer tnterruplers may be actuated by the iron core of the primary 
eoil itself. and the contact which they make and break may control the 
primary current. This is almost always the arrangement im faradic 
coils, and is sometimes used in small z-ray coils. Another arene 
is such that the vibrating interrupter makes and breaks the contact 0 
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current for the per LitiLAar eo just as ul it were moved back and forth by 
anv other force. The weaker current belonging to the mterrupter and 
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fo-and-fro motion of the hammer 1 more assured than i 


Lion the complete intermuiption ol as powertul a current as that of the 


primary of an z-ray coil. The hammer foes back and forth, regularity 


touching and withdrawing from the pomt of contact where the primary 


current I: made and broken: and this regular motion t& independent of 
the primary current, and goes right on, even if an are forms temporarily 
across the space and the primary current thereby fails to break for the 
time beine. 7 


The Wheel Type of Electromagnetic Interrupter—This 1s shown 
in the appended diagram (Fig. 104). * The contact is broken at ¢ by 
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Fig. 104.—Wheel interrupter. 


the mechanic motion of the hammer, and this ts produced by the 
pressure and relaxation of the eccentric, e. The latter ts fastened 
to a revolving wheel whose four spokes are permanent magnets. When 
the contact is made at c, the current flows and the core of the primary 
coil beeomes a powerful electromagnet, exerting an attraction for the 
magnet whose opposite pole is near it, and a repulsion for the magnet 
whose nearest end has the same polarity as that existing at that end 
of the iron core. These forees start the wheel in rotation, and the 
eccentric presses against the spring metal support of the hammer, 
breaking the contact at c. Momentum carries the wheel around to 
A position where the contact is again made and where the same 
Magnetic forces again become operative, giving the wheel a fresh 
impetus in the same direction. It is a simplified type of electric 
motor, and produces a very rapid and uniform interruption of the 
current. The currents used for faradic coils are not strong enough to 
require such an elaborate interrupter, and it will not work well with 
the heaviest Currents used for r-TAy work. It has proved ise fil, 
however, in apparatus for the production of high-frequency currents, 
and one such interrupter is reported to give an excellent output of 
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There are also interrupters which make and 
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f contact, this motion being produced by a motor of some kind which 


quite independently of the current which if L3 desiened to control. 


‘he are which tends to form when the pomts of contact are Se DATaALer| 


would allow the current to contmue to flow across that space. It is 
usually suppressed in these interrupters by having the points of contact 
below the surface of a liquid, such as aleohol. The contacts may be 
like those of the revolving commutator of a motor or dynamo, or the 
contact may be between liquid metallic mercury and some solid metal. 
Mercury mterrupters are of two types— 
the mercury dip and mereury jet mter- 
rupters. All these execpt the Leduc 
interrupter are of use chiefly for high- 
frequency currents and the z-ray, and are 
described m the section upon the latter 
subject (p. S02). 

Ledue's Interrupter.— Our diagram 
(Fig. 105) shows Stephan Ledue’s modifi- 
cation of the Contremoulin interrupter. 
It consists In making one of the brushes 
movable. and thus enables one to recu- 


late the fraction of the total period of <— 
at . - . " CMG Tonanry Arutt 
the interrupter, durmg which the two : 


brushes shall be in contact with the 
same pair of metal strips. This fraction uae 
can be varied from a very small fraction (4,5). up to the full time 
represented by the length of the metal strip. No current cam pass 
through the interrupter when either brush Is in contact with the insula- 
ting substance or when the brushes are in contact with metal strips 
belonging to different pairs, and therefore having no metallic connection 
with each other. To produce a contact lasting only a very small frac- 
tion of a period the movable brush is placed in such a position that the 
one metal strip only begins to touch it as the opposite strip just 
leaving the other brush. To produce a contact lasting for the maximum 
time the brushes are placed directly opposite each other, and 1M this 
Position one brush is in contact with a certam metal strip the entire 
time that the other brush is in contact with the connected metal strip. 
Intermediate positions of the movable brush allow the current to eS 
during a larger or smaller fraction of each period. Knowing ne 
fraction of each perk wl that the current is Howing and the tension © 
the eyrrent as shown by a voltmeter in shunt, we ean calculate the 
quantity of clectricity passing through the patient or the apparatus. 
Then, again, an aperiodic galvanometer, which 1s called A dead-beat 
milliamperemeter, in the circuit will show the quantity of electricity 


Fig. 105.—Leduc's interrupter. 





a 
136 MEDICAL ELECTRICITY ASD ROSTGEN RAYS 


passing, this being indicated m miuhampercs andl being actually the 
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nhinute and the ¢urreni strength remains the same. Very erent 
variations in the rapnlity ol the interruptions produce changes in the 


phvsi Logie efiects, even thi hah they to oT change Le AVETARG Current 
strength. 

In regulating the fraction of each period occupied by the duration of 
the contact we may depend upon the graduated scale marked wpon the 
apparatus. But if this 1s defective or is absent, the adjustment hecomes 
a matter of calculation. In order to have a contact ~, of each period, 
close the circuit with a non-polarized resistance and raise the tension 
by adjusting the volt controller, for instance, until the milliamperemeter 
shows, for example, 10 milhamperes. Start the interrupter and shit 
the movable brush to such a position that the milliamperemeter ehovyws 
that a current of 1 muilliampere is passing. KHeally this means that a 
current of 10 milliamperes is passmg for =, of the time, and conse- 
quently 5 of each period. The proper position of the movable handle 
for other fractional currents 1s found in a similar manner. Stephan 
Leduc has estimated the time during which the current passes even 
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to so small a traction a5 25 ag, Of a second of time. 


Liquid or Electrolytte Interrupters—These are used chiefly in x-ray 
and high-frequency work, and are described on p. SOO. | 

The Secondary Coil.—This is a coil contaming a very large number 
of tums of very fine wire which ts very carefully insulated. The wire 
Itself In an x-ray coil 1s No. 36; looks as fine as a hair; 1s wrapped with 
silk; and is coated with melted paraffin after bemg wound in the sec- 
ondary coil. The secondary col mm a 12-inch z-ray coil contaims 40 
miles of wire. ‘The secondary coil in a faradic battery contains from 
1000 to 8000 feet, the larger number of feet corresponding to the faradic 
cou with fine wire, the 1000 feet corresponding to the faradic coil with 
coarse wire in the works of some authors. | 

In a great Ruhmkorjf coil, made by Apps for Spottiswood, there were 
280 miles of wire. It gave a 42-inch spark through the air when 
actuated by a voltaic battery of 30 Grove cells. Since the discovery 
of the <-Tay, coils of this power have frequently been made. 

Every time the current is made or begins to flow in the primary 
coll a current is induced in the secondary coil. This i momentary, 
and flows in a contrary direction to that of the current in the primary 
coil. When the primary current is broken or ceases to flow, a current 
is Induced in the secondary coil which is momentary, and in the same 
direction as the current which has just ceased to flow in the primary 
cou. The break current is direct and produces a more powerful dis- 
charge across an air-space or through a vacuum tube than does the 
make current. The latter is what is spoken of as the inverse discharge 
In x-ray work. There is thus a distinct polarity to the secondary 
eurrent. Although it flows first in one direction and then in the other 
the Breatest effect is produced during the periods when a certain pole 
of the coil is the positive. This can be seen in z-ray or in any other 
Vacuum tube work, and a difference can even be seen in the sparks pass 
Ing across from one pole of the secondary coil to the other. The negative 
end of the spark is much brighter and of a violet-white color, while the 
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faeries of sparks passing betwi 


Dun metal terminals ot a 12-inch 2r-ray eo shows 


ne sparks start trom the same spot on the positive 
He SEL re putt nior & Cercaln (istance, then SCHOATALG, 
tfain on approaching the negative pole, but no two pathe 


ia hoe | 


they all reach cifferent parts of the suriace of the ners 


The result. is ent rely cuiflerent, however. when one ¢ler- 


and the other is a Hat metal plate (Fig. 106). Wrist 


een sald, however, 13 not Intended as a statement that the spark 


orizinates at one pole and terminates in the other pole. It is probable 


that the discharge takes place simultaneously from both termimals. 
By the negative pole of the secondary coil 16 meant the one which ts 
ive pole during the break or direct discharge. This is the 


the negative 

nole which is always connected with the cathode or negative electrode 
of an z-ray tube, and an important part of z-ray technic is the sup- 
pression of the inverse discharge. In another part of the book (p. 685) 
will be found a description of the means adopted to prevent the inverse 


‘hh aecond between terminals of author's!2-inch z-ray 


Fic. 116.—Sparks passing In one-cigh ‘eat gl ciety 
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coll. Single path at pointed and multiple pat 
discharge irom passing through the E-Tuy tubt in sufficient amloun! es 
be a disturbing factor. The only useful current supplied La cn seca 
tube 1s the direct discharge which 1s produced in the secomdary coil i} 
the break of the primary current. The INVErse t hscharge whieh ocd he 
alternately with the direct discharge 15 produced hy the make of = 
primary current. During the inverse discharge the polarity of the 
3 ‘ to what it was during the direct dis 
to pass through the z-ray tube in 
conditions the x-ray tube appears 
fin front of the plane of the 


secondary coil is just opposite : 
charge, and the current may be ard 
the wrong direction. Under normal 
divided into a brilliantly fluorescent hal: acacia orate Pe 
platinum disk or anticathode, and a dark hemisphere heohipe es ae 
plane. When there is a good deal of inverse discharge, 2 : oe ie 
siderable direct discharge, the whole tube appears lightec 2 ey nee af 
or irregular greenish fluorescence. There 1s sone 7 condition 
inverse discharge and scarcely any direct discharge. = Me ener ee 
is indicated by the absence of the lluminated nyse ES hemisphere 
the plane of the antieathode in place ol winel: Weise : eae ing from 
with only one bright preen spot were the exihode es of ‘ke: taba 
every spat on the platinum Suriace, strikes the & ot be lark is irreg- 
and generates x-rays. The halt ot the tube which should be dars 





ularly Huoresecnt from similar cathode raves originating from other parts 
Of the anticnthode or from the saceessory anode. The tube in suen i 


: ] tel 1 i H ae | j 7 
eorcibwon lawiks like a tube connected with the wrong rapa et) ee a ceil, 


We cannot secure any useful 2-ravy trom a tube of the usual model 


dqunrne the make or inverse discharge of the ei, The heat that ean 
a 


be done is to prevent any considerable part of this inverse discharge 
from passing throuch the tube, and thus to secure the ereatest efiewne 
luring the alternate periods when the direct discharge ts passing through 
the tube. The importanee of the subject les in the fact that any 
conditions which permit the passa of the inverse ciscl cr ore throweh 
the tube obstruct to about the same extent the passage of the direct 
discharge and reduce the Output of the tube. In the extreme case 
mentioned a few lines back, and which the author can duplicate ex peri- 
mentally at anv time, no effective x-ray at all is produced. The Wear 
and tear upon the tube are excessive. " 

The wire in the secondary cou is almost as fine as a hair. and the 
object of this is to bring every turn of it as close as possible to the 
primary coil, so as to cut as many of the expanding and contracting 
lines of force as possible. It 1s not sufficient that the secondary coil 
should be outside of the primary coil, 1t must also be very close to it. 
The secondary winding for one of the smaller induction coils for faradie 
treatment is not a difficult matter. The difference in potential between 
one end of the long secondary wire and the other is not sufficient to 
produce a spark of any appreciable length, and so the ordinary methods 
of insulation are sufficient. The insulated wire is wound upon a reel, 
just as thread 1s wound upon a spool, one laver after another, all con- 
tinuous and all im the same direction. The insulated beginning and 
end of the wire are both left outside, where they can be connected with 
the binding posts, to which may be attached the conducting cords 
leading to the patient. These binding posts are of metal, and are 
fastened upon an insulated base of varnished wood, hard rubber, ivory, 
indurated fiber, marble, or slate. The regulation of the strength of the cur- 
rent passing to the patient is sometimes secured by changing the primary 
current, by changing the resistance, or by changing the number of cells 
if a voltaic battery is used. It is much better, however, to have the 
primary and secondary coils so mounted that their relative position 
may be varied. The strongest secondary current 1s produced when 
the secondary eo entirely cOVerS the primary eo. and as the primary 
coil is drawn out from the lumen of the secondary coil, the secondary 
current beCromes fradually weaker. Measuring the distance in cen- 
tumeters that the movable coil is displaced enables one to use a mathe- 
matic number in recording the strength of the current applied to the 
patient. The quality of the secondary current varies according to the 
number of feet of wire in the secondary coil and the rapidity of the inter- 
ruptions, and it will be seen (p.452) that very different physiologie and 
therapeutic effects may be obtained by means of such variations. 

The soft-iren core has always been considered an important part of 
an induectien eoil. Its effect is to Increase the st rengt h of the secondary 
current by adding its own expanding and contracting Imes of torce to 
those of the primary coil. It is best made of soft-iron wires in a straight 
parallel bundle. ‘These acquire and lose their magnetism when the 
Primary current is made and broken much more promptly and com- 
pletely than a solid bar of the same weight. The strength of the 
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4% Necessity, and recent observations 


[. Zo), the cor is nel 
that 
there is no core. 
the Condenser.—This Js not required with a liquid interripter 
of the | aldwell-Simon or Wehnelt types, but is required with re af 
the vibrating or other mechanic interrupters. It is made for an 
mauction coll, Of a great many lavers of tin foil separated by ha 
or paper, and Ls usually concealed in the wooden base of the saat oo 
sheets of tin-toil are in two separate sets, and fit torether like the mare 
eards are being shuffled by pressing Tore see ba pipes le 
papier j Ht the sheets Of One half are fastened together he Aare aueal 
Lp, and they really fort 4 single larce metal contine Or armature nf 
| condenser in which the other armature Is formed by the other sheets 
«of tin-foil. and the rlass yar or plate 12 represented be the arya ees 
of mica or paper which prevent any contact between the sheets of 
tin-foil in one set with those in the other set. The condenser is desioned 
to prevent excessive sparking at the interrupter, and in this way to 


| Hidicate 
has a pleasanter quality if 


aap tt en ib | 
TTCatTMents the current 


ts a Co o-m www Le Se ee a 
halves of & pack of cards when one hia 


pr duce wi sharper and better break of the primary current than would 
be possible if the primary current continued to flow as an are across the 
space after the contact was broken. The condenser takes up or absorbs 
the extra current, which results from self-induction in the primary coil 
at the moment that the circuit is broken. We have already seen 
(p- 126) that this extra current is of high tension, will spark ACTOSS a 
considerable air gap, and has in this way some of the properties of 


static electricity. It very naturally occurs that when the two armatures 
of the condenser are connected with the ends of the wire forming the 
primary coil in which such a current is generated, the condenser becomes 
charged. The effect at that moment is the same as when the inner 
armature of a Leyden jar is brought m contact with one prime con- 
ductor of a static machine, while the outer coating touches the other 
prime conductor. In the ease of the induction coil the charge received 
by the condenser produces just so much less tendency to sparking at the 
interrupter. The high electromotive force generated at the time of 
the break of the circuit ceases. and the condenser becomes discharged 
as its outer and inner coats are connected by the primary wire. It is 
then ready to perform its function at the next break m the primary 
Current. 

Liquid or “electrolytic” interrupters do not require any condenser 
to suppress the spark when the current is broken. There is a tremen- 
dous difference between the conductivity through 4 complete liquid 
path and the resistance offered by the mass of incandescent vapor 
which is generated at the narrowest part of the liquid path. This 
results im a practically complete obstruction to the How of even the 
high-voltagce extra current occurring trom self-induction m the 

rimary circuit at the time it is broken. : 
; The general arrangement of an induction coil fed by a volte 
battery is shown in Fig. 107. 6 i the voltaic battery. ; From one pole 
of the battery a wire leads directly to p, where It 1s continuous with the 
Primary coil of wire. The other end of the primary wire shown in 
the diagram at the opposite end of the coil, but m actual practice bone 
ends of the primary wire are usually brought to the same end o e 
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cou. The other end of the primary wire leads to the base of the vibfa- 
ting hammer, 4, which, when no eurrent i being used. is pressed lightly 
against the contact & by the springiness of its metal stem. From FE a 
wire leads to the other pole ce thy batters when the awiytehy. df. ro lee l. 
Wires lead from the two ends of the pl mary wire to the two armatures 
of the condenser, c. When the current is turned on by changing the 
ewiteh from dim to ai. the Current passes through It te A and throug ls thie 
rit 


stem of f, and a connecting wire to one end of the primary, through 


the primary wire, and thence to the other pole of the battery. The 
eoft-Iron core i becomes a powerful electromapnet and attracts the 
hammer A away from the contact & and breaks the current. This 
break is accompanied by the 
induction of a high-tension 
extra current in the pri 
which BUTeesS Out 
conducting WIPES. most of it 
poing to the condenser where 
such larce electric capacity is 
provided. Set screws not 
shown in the diagram regu- 
late the pressure of the ham- 
mer upon the contact while at 
rest, anc also the distance that 
it can go when drawn away 
Fig. 107.—General errankenien®’ Of aiid OT it. Inno case is it neces 
tigg coil fed by a woltaic battery. Sary iOr i to touch the Iron 
| core. Motion toward the ma¢- 
netized iron core is in a direction to break the current, and no electric 
contact 1s required to be made at that end of its path. 

The secondary coil has its two terminals leading out and connected 
with binding posts. The smaller induction coils are called faradic coils, 
and conducting cords lead from the two terminals to electrodes, which are 
applied to two different parts of the patient. In the case of the very large 
Ruhmkorff coils, suitable for x-ray work, a spark or an actual flame 
may pass across between the two terminals, when a full current is 
tumed on, unless the two terminals are connected with an x-ray tube 
or some other apparatus through which the secondary discharge is 
conducted. This ts because of the enormously high voltage or difference 
in potential between the electric charges at the two ends of the forty 
miles of wire forming the secondary coil. The charge is developed 
thousands of times a minute: its duration is only momentary, but 
during -its continuance there is an almost irresistible tendency for the 
two opposite forms of electricity, positive and negative, to rush together 
and become neutralized. The tension at the two poles or terminals 
is 80 great that a succession of sparks will pass across the 12 inches 
of airspace which separate them, although every inch requires a 
voltage variously estimated at from 10,000 to 30,000. If not quite 
enough current is turned on to produce a spark across that distance 
between the poles, a brush discharge of violet light, accompanied by 
& crackling sound, will take place into the air surrounding the two 
poles. In cither case a spark will fly to the finger or any other conductor 
brought near either of the poles, and the same is true even when the 
discharge is passing through some apparatus to which both poles are 
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cnnected. This Property possessed by hich-tension cleetrieity | 
parking across an alr-space or through any other insulating substance 
ya neighboring conductor has to be constantly borne in mind in the 
therapeutic and also m the industrial application of electricity. Tt is 
the cause of most of the acenrlents oc Urine to human heirs ss to ehe 


ie ad | Ss, ut | ole Ter I i] ont , ] i rir 1 ie Pe - 1 4 
iS EL CaS where, and is often the cause of explosions and fires 


— 


occurring in connection with the use of electricity for light and power 


It must be guarded against in the construction and manipulation of 


electrotherapeutic apparatus, to prevent puncturing z-ray tuhes — 


burning out induction coils. Fortunately, there is nothing i Pear as 
about the sparks or shocks which may occur from handling clectro- 
therapeutic apparatus. At the same time they are disagreeable. and 
should be prevented by care in manipulation. 

The difference in potential between any two Parts a) | the Serondary 
wire varies according to their relative position in the series of turns 
that make Up the col. Imagining it for the DU rose of explanation ns 
a single spiral layer of wire wrapped around a very large glass evlinder. 
the difference In potential between the wire at the two ends might 
be 150,000 volts, or sufficient to spark across an air-space of 12 
inches. The difference in potential between any two consecutive turns, 
on the contrary, would be very small. Roughly speakmeg, it would be 
the total voltage of the col divided by the number of turns. In the 
same way the difference m potential between any part of the wire is 
equal to the same fraction of the total voltage that the number of turns 
of wire between these two parts forms of the total number of turns. 
lf the two ends of the wire are bent around, so as to be brought 
within 12 inches of each other, a spark will pass between them even 
through the air. But it is quite different with two consecutive turns 
of wire, between which the difference in potential may be so slight that 
an ordinary silk wrapping will prevent any passage of electricity from 
one to the other, even if they are wrapped one on top of the other. 
The difference in relative position has reference to the distance between 
them following the continuous wire from end to end. It has no refer- 
ence to the physical position of the tums. They might be wound in 
such a way in making the coil that two turns lying in physical contact 
with each other might be portions of wire many thousands of tums 
apart if the wire were followed. The difference in potential between 
the extreme ends of the secondary wire is so great that the terminals 
cannot both be placed at the same end of the coil. If they were, there 
would be sparking across from one to the other and also from the poles 
to intervening turns of wire, and one of the latter sparks would rum the 
coil by destroying the insulation of the wire at that place im the coll. 
For the same reason the secondary coil cannot be wound im successive 
layers, each continuous from one end of the reel to the other, like a 
spool of thread. With such an arrangement portions of the wire many 
thousands of turns apart would be placed im such close physical prox- 
imity that a disruptive discharge would pass from one such turn to 
another and ruin the coil. A hak 
_ The form of winding which has been adopted for z-ray coils pear 
in having the wire in several flat spirals, separated from each other ‘ 
disks of hard rubber. Each flat spiral contains consecutive turn, ae 
between the beginning and enc of that section there I not enough 
difference in potential to break through the insulation of silk and wax 
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a short ¢1 The additional meulation altore led by the 
rubber clisk ‘ficient oO prevent i clise| ive oteuring between 
‘Tron and Line hex hdiapent one, Im spite of the conswierabl 
In potential, Scetions near the ends of the coil have an enor- 
. 1h potenti Ll. but a discharges [a prev nie irom orriur 
bie PTE: ical distance between them: second. hw tl 
lating properties of the mass of wax im which the whole coil 
zouk i and 1s mas ided, and, third, by the msulation of 
& hard-rubber : isk hs The ww but li il is in the form of ‘| hollow 
barilt a over a tube of Me anite, | compound of miles 
which forms the best possible insulator. This should be 


to prevent a discharge passing from one end of the 


ir 
thick « peace 
v coil to the primary coil, and through that to the other end of 
secondary i. The resistance in the primary coil is very small, 
and its position inside the secondary coil and extending from one end 
of it to the other would make it offer a short circuit for the secondary 
discharge if the primary coil were insufficiently insulated. The com- 
pleted z-ray coil consists of a secondary coll and a primary coil which 
has no connection with the secondary coil, but lies loosely in the micanite 
tube lining the secondary coil. The primary coil may be pushed in 


Fic. 108.—A comect winding, but im prac Fig. 109.— Incorrect winding 
ticatle. 


ir out or may be removed entirely. The secondary coil is sometimes 
incased in marble and sometimes in hard rubber, and these are desirable 

aleguards against the passage of a discharge to some mtermediate 
part of the secondary coil from the discharging rods often connected 
with its two poles. Such a spark would ruin ‘the coil. 

In building a cou up in disks, like sections of wire wound between 
hard-rubber disks, it is necessary that the wire in each section shall be 
continuous with that in Fhe adjacent sections, and that the direction 
of the current shall be the same in all the sections. For mstance, 
looking at the end of the coil, if the current in the first section passes 
in the diree tion of the hands of a watch at a ce ‘Ttain period, then the 
CUrrert in sill the othe if =p etions Must PASS itt the direc tion of the hands 
of a watch at the Same per rioal of time. The connec tion between the 
Urst section and the STE TATE may be mace by ar sing the central end of 
the first spiral Wire trot igh # hole 1 inh the hard-rubbe r ph irtition near the 
central end of the acl jace nt spiral wire. When it comes to joming the 
other or outer end of the second spiral, it is passed through the outer 
part of the next hard-rubber partition and soldered to the outer end 
of the next spiral, So the different sections which have been wound 
scparately are united into a single continuous wire, but there is a very 
necessary precaution to be taken in securing the proper direction of 
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Line spiral Wire: and Ww they are : 


“PES, MM CUrrent Mm On is In an opposite direction to 


asap spiral. The current in each Section is net merely flowme 

th the wire, but is actually excited in that section: and in the 

bad papel etm shown im Fig. 109, it would completely neutralize 

and arrest the current excited m the opposite direction in the Ad iacent 
~ 

Pig. 110 shows the proper arrangement of the various sections. 

There are mght-handed and left-handed spirals alternately, and the 


current flows in the same direction in all. The picture is purely dia- 
frammatic. Each spiral really 1s a disk-like mass containing thousands 
of feet of wire, and its flat surface is separated from that of the adjacent 
section by only the thickness of a hard-rubber disk. The arrows show 


| 
direction of the current at the time when the terminal near A is 


a 


the negative and that near C the positive pole of the secondary coil. 


Fig. 110.—Eest method of winding secondary sections in an induction coil. 


The arrows would all have to be reversed to show the direction of the 
current during the period when A ts the positive and C the negative pole. 
In the last few paragraphs we have spoken of the direction of the cur- 
rent, and it mieht have been ealled the direction of the electromotive 

cially, the break of the primary current induces 


loree. ‘The make or, espe : : 
in every section of the 


an electromotive foree in every individual tum 
ml concdary ecpil: rch if the latter 13 correctly constructed, all these 
electromotive forees are added together in series and the result im 
as it would be if a tremendous num- 
The eurrent which will spark 
ill pass through a vacuum 


voltage is perfectly enormous, just as 
ber of voltaic cells were set up In series. 
across between the terminals or which w Bhan ad ; 
tube or other apparatus connected with the cw poles 1s of aise 
and of very small amperage. The power possessed hy the drs AKA 
from the secondary coil is expressed in watts, one watt bemg equal to 
l ampere of current at 1 volt of potential. The total number 0! hs sear 
ecuala the number of amperes multiplied by the number of volts, aoe 
ho more power ean come out of an imcduction coil than Wks ik at a 
The intake, in a typical case, may be 6 amperes at lO volts, ma one 
(0 watts. and the resulting secondary current may have 4 voltage 0 
from 100,000 to 300,000, Supposing all the 


power of the 60 watts in 
the primary current were converted mito power as 


the secondary 
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we might have the following equation: 100,000, the 

lis in the secondary CUTPOnT, multiplied by the number 

hae soa mar Current ecpuinls OO. the number of wihtts, 
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SOO mMiary current. eX ta e for the fact that the primary 
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dary currents are interrupted, and that the Sccondary current 
Zin alternating character with wide YAriations in Intensity, The 
umber ol watts as a MAXIMUM must be recuce materially. because 


he induction coil wastes some of the power put into it. There are 


certain lines of forec leaving the two ends of the iron core and arching 
over trom one end to the other which Are not cut by the Secon ary 
tums of wire. Dhis is true of any aeroferric [vpe ct magnet, lt will 
be seen on another pare that this loss of power Is prevented in Lrans- 
formers of the closed magnetic ring or complete ferric type. There is 
me loss of power or reduction in the number of watts vielded by an 
Wuction col on account of the ohmic resistance of 20) 000) feet of fine 
wire. This loss would be evident as overheating of the secondars 
coil, except for the fact that the ohmic or frictional resistance 1s in 
prop irtion to the intensity OF ain Ora of the CUITENE, and Hat vt «ll 
(Oo TOE Pressure or voltage. A certain number of watts of electric Power 
in the form of 3 Current of 100.000 volts ancl Ts ol a mulliampere will 
Piss through a wire without perceptible heating, whereas the same 60 
watts of power as a current of 10 volts and 6 amperes would heat the 
wire white hot and perhaps vaporize it. The ohmic resistance in the 
SEC ndary coil is STEAL enourh, however, to make a material difference 
hetween the number of watts applied to and the number vielded by Lf 
induction coil. But this output or secondary current has wide varia- 
tions In Intensity at different parts of each of its 2000 to 10.000 eveles a 
minute. At a certain instant there may be a powerful current in one di- 
rection; at another instant no current may How, and at another instant 
there may be a powerful current in the opposite direction. A milliampere- 
meter in which each unit indicates a milliampere (yrs ampere) may 
be used to measure the st rengih of the secondary current. It mav be 
connected with one pole of the coil and with the z-ray tube and register 
in this way the intensity or amperage of the current passing through 
the tube. This will appear to be from 0 or even a minus quantity up 
to 2, 4, 6, 3, or even 15 to 40 milliamperes. The latter represents a tre- 
mendously powerful current which no x-ray tube will stand for more than 
afew seconds. The milliamperemeter may be of the D'Arsonval type, 
and depend upon the directional effect of a current passing through 
a coil which is in close relation with a poweriul magnet. In such a 
case, the needle upon the dial indicates in a general way the average 
strength and direction of the secondary current. The alternations 

from the direct to the inverse discharge are so rapid that they are not 

shown by such an instrument. Such a meter may indicate 0 when the 

z-ray tube is giving a radianee by which quite a good picture may be 

made, and this would indicate that the inverse discharge was equal 

to the direct. The value of this type of milliamperemeter as a guide 

to the proper application of the x-ray is considered at another place 

(p. 807). Enough has been said. however, to show that this type of 

meter often indicates a strength of secondary current a great many times 

in excess of the {, milliampere, which with 100,000 volts would equal 
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maximum of 6&0) watts powcr in the case uneler consiceration. 
2 manifestly misleading 
A Aah were Frere mse fer between one [ys ae ct the eo ariel thie f-ray 


ives a reading of several milliamperes, and is not influenced he 
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he amount of inverse discharge. This, again, seems to show manv 
nore PAMVer leaving the induction coil than is Put into it. and this 
leading. In an experiment by the author a large hot wire mijlli- 
amperemeter Intended 1 TcaSsure high-frequency and high-tension 
currents up to 650 milliamperes intensity was connected with one pole 
of a 12-inch z-ray coil. <A wire fastened to the other binding post of 
the milliamperemeter reached to within a few mehes of the other pole 
of the coil, The 110 volts direct current of the incandescent electric 
lighting system, after passing through a Wehnelt interrupter, produced 
a current of 6 amperes in the primary coil. A regular flame passed 
across the 4 inches separating one pole of the coil from the wire 
leading to the milliamperemeter. The length of the spark showed a 
voltace of 50,000 or 100,000 and the milhamperemeter Indicated an 
intensity of 150 milliamperes. Here there was an apparent power of 
10,000 or 20,000 watts produced by the application of about 600 watts. 
the major part of which was certainly expended in overcoming the 
resistance in the liquid interrupter. This is also misleading. : 
Spottiswood’s Induction Coil.—This was a great coil made in 
I$76, and some of the facts in regard to it will be of Interest. It was 
ds inches long and 20 inches in diameter. The primary coil was of 
copper wire, 5/5 inch in diameter and 2000 feet long. It made 1334 
turns in six layers. The secondary coil contamed 240 miles of wire in 
four different sections; 2 of wire +1, inch in diameter, and two of a little 
larger wire; the total number of turns being 342,000. A battery of 
9 galvanic cells produced a 28-inch spark; 10 cells gave a 36-inch 
spark, and 30 cells a spark 40 inches long. 


IRON CORES 
Spoltiewond!'s Great Diameterof Wire, Outside Diameter Length, Weight, 
Lol by Apps. Deched. of Core, Inches. Inches. Pounds, 
No. 1, 032 3.56 44 67 
No. 2, 032 oo | 4s a 


| PRIATARY COILS 
ain of Wire, Length, Resistance, Weight, Conductivity, 
Mnch aie Yara tise Pounds. Per Cent. 
0.06 660 a5 55 O38 
: O18] 
0.096 50M 0.211 4 93 
0.241 


SECONDARY COIL 
Length pf Coil, Method of Winding. Diameter of wire in 
te 1344 turns in 6 single Central part, 0095 
layers. 2 pairs of dow- Outside part, .011 
ble-<t rar layers, 


Lereih, Hesistance, Conductivity, | h of Coil, 
one C¥here Per Cent. aches. 
110,200 oe aba oh 
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The secondary discharge is seen, from the above examples, to con- 


sist of a succession of waves in alternate directions, of extremely hich 
voltage and of an amperage much greater than is produced by a static 
machine and much greater than could be maintained by the same 
DOWEr 25 4 mtinuous current of the same voltage. 

The Undulatory Nature of the Induced Current.—A tracing 
made by means of Duddell’s oscillograph shows that the current from 
an induction coil usually consists of a series of separate curves, each 
beginning suddenly at a distance from the neutral line and descending 
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Fig. Lll.—Secondary currents from induction coil with iron core. 


or ascending more or less gradually toward it. Fig. 111 shows the kind 
of a curve made by the secondary current of an induction coil with a 
short secondary winding and a soft-iron core. The break currents are 
seen below the neutral lime and the make currents above it. In the case 
illustrated the make currents are not so powertul, but last much longer 
than the break currents. The latter are of short duratic m and “ol 
abrupt character. According to the observations of Lewis Jones,' such 
a current produces a much more disagreeable effect in causing muscular 


Fig. List.—Secondary currents from coil without iron core. 


contraction than one illustrated mn Fig. 112 produced by the same 
col after withdrawing the soft-iron core. Even this, according to 
Lewis Jones, is not ideal: there is too great a difference between the 
make and break currents, and a still greater uniformity would be better 
lor diagnoatic purposes. This uniformity can hardly be obtaimed 
from an induction coil, but is produced by the night character of inter- 
ruptions in a continuous current and im a circuit with little self-induc- 
tion. He uses this current, which is considered on another page 476) 
under the name of the interrupted voltaic current instead of the faradic 
current, for diagnosis and treatment. 


i British Medical Journal, October §, 10%H. 
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subject it will be best to reproduc (wo more of 
graphic representations. Fig. 113 shows the character 
a ‘rch reversed volta current In a rirewit little 
E Ta certain period of time the most favorable bei: ; 
A sccond, the current strength 13 uniform and in the same At 

Lon [hen a change ar 
iM. ‘5 a Similar 


occurs almost instantaneously and 
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period follows with the eurrent in th opposite direction. 
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Fig. 113.—Ledue currents. Interrupted and reversed voltaic 
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interrupter the frequency of these cycles and the duration of the suc- 
cessive currents may be measured and regulated. 

The influence of self-induction in such a circuit is shown in Fig. 114, 
where a few hundred turns of wire are mtroduced in the circuit. The 
result ig that the current strength gradually increases from zero until 
its increase Is cut short by the break and reversal of the current. The 
same sort of a curve in the opposite direction represents the current 


aa - 


Fig. 114.—I nterrupted and reversed voltaic currents in a few hundred turns of copper wire: 


during the alternate period. There issearcely a demonstrable interval 
between the two periods of current flow. This form of current also 
could be used as a substitute for the faradic current from an mduc- 
tion coil. 
Fig. 115 shows the primary and secondary currents in an induction 
coil with a long secondary wire and without an iron core. The upper 
lme shows the primary current with Its abrupt rise when the contact 


Fig. 115.—Currents in an induction coil with a eng tiem wire and no iron core: 


is made, its continuance at a certain strength up to the instant that 
the current is broken, and its sudden fall at that time. The lower 
diagram shows the secondary current: the curved lines, the make 
eurrents above and the break currents below the heavy neutral line. 
The differences between the two different currents in the secondary 
coil are important. They are in opposite directions. They attain 
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4 maximum almost insatantl 


broken. amd Verv soon craAsr. 


when the primary current is made or 
The make current is not so strong aa 


¥ 
the break current, but lasts longer and dies out somewhat more grad- 
wally than the break current. In this particular experiment the make 
current of the secondary coil lasted -, of a second, and the break 
emurnernt -i5 of a second, the Lrequnenic of the interruptions LEI t hie 
primary current was SO times a second. 

It ig necessary to have a separate electromagnet if a hammer inter- 
rupter is used with an induction coil which possesses no iron core. The 
ribbon vibrators as used im faradic coils, and usually actuated by the 
magnetized iron core, are equally desirable for separate use in this case. 
lt is noteworthy, however, that no vibratmg interrupter is perfect. 
Thev all fail occasionally to make a periect electric contact. and this 
may occur at regular intervals and produce a disagreeable effect upon 
the patient. : 

The duration of flow of each secondary current should be about 

: 


mz _of a second to produce the best effect m exciting muscular con- 
tractions. 

Fig. 116 shows the primary and secondary currents in the same coil 
with a long secondary winding. but with a goft-iron core introduced 
mto the primary coil. The primary current shows the effect of the 


Fig. 116.—Cuarrents in an induction coil with a long secondary wire and an iron core: 
P, Primary; 5, secondary. 


additional self-imduction. There is a choke effect when the current 
1s made, and as this induced counterelectromotive force in the primary 
col disappears, the primary current gets stronger and stronger might 
up to the time that the contact is broken. The effect of this upon the 
secondary current, which is the current applied to the patient, 1s shown 
to be very marked. The make current attains its maximum less sud- 
denly and dies out very gradually, lasting right up to the breaking of 
the contact. The break current is a great deal stronger than without 
an iron core, and is of about twice as long duration. This is quite 
characteristic of the current from a faradic coil, and according to 
several observers it occasions more discomfort in the production of 
muscular contraction in diagnosis or treatment than does the current 
from the coil without a core, or than a simple low-tension current 
Interrupted rapidly with or without alternations. Besides being more 
or less uncomfortable, it is very difficult to make any accurate measure- 
ment of the current passing through the patient. Tracings like those 
In the preceding paragraphs are to be made only with the most elaborate 
apparatus and preparation. Practically, one is limited in using an 
ordinary iaradic cowl to depend upon the sound of the interrupter for 
an indication of the rate at which the successive currents occur, and 
upon the length of the secondary coil and its distance from the primary 
col to midicate the strength of the secondary currents. No measure- 
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ment and no adjustment are practicable at the time of the 


: : atts fei treatment 
Of the Strengen OF each impulse of the secondary current. 


and of its dura- 
tion as compared “ ith the pauses between the make and break eurrents: 
in other words, Of ita actual duration and the fraction of each neriod 
occupied by it. - 

The hammer or vibrating Interrupter is another source of inne r- 
fection in the ordinary faradic coil; a tracing of the currents will show 
that many of the contacts are ineffectual, and that there is « cOrre- 
sponding irregularity in the secondary current. Of course, a better 
interrupter may be employed for the primary current. such as one 
which the present author calls the commutator type of intermpter. 
The Leduc imterrupter (p. 137) 15 an example, and this will 
correct the irregularity in the current: but it vields such a desirable 
interrupted voltaic current that the induction coil would not be required 
atall. The effect of the iron core may be minumized by slipping a metal 
tube over it. This cuts the expanding and contract ing lines of force 
as the core becomes magnetized and demagnetized, and whatever 
energy 1s consumed in producing electric currents in the metal tube 
loses its direct effect upon the secondary current. 


Fig. 117.—Faradie coila: A, Ordinary arrangement. B, Helmholtz’: arrangement. 
Warner or Neef's hammer Interrupter for Bois-Reymond alide farndic coil, two dilicr- 
ent arrangements: Si, Standard; S, Helmboltz column; Bm, electromagnet; P, primary 
coil; H, hammer: Ser and Ser*, upper and lower contact screws; Sp, spring; Aur. cirr., 
auxiliary circuit. 


Helmholtz’s Faradic Coil.—This is an arrangement by means ol 
which the secondary currents in each direction are made approximately 
equal. In the ordinary arrangement the make current ts weak, impaired 
by the self-induction in the primary coll, which causes the primary 
make current to increase less abruptly than it otherwise would, and 
hence to be less effective In Inducing a secondary current. And in the 
ordinary arrangement the self-induced extra current in the primary 
coil at the break is immediately stopped by the fact that the crre use 
is open. It may produce a spark at the interrupter, but it hits little 
eect upon the primary current, which ceases quite abruptly and 
produces a strong “‘break” current in the secondary. These conditions 
are shown in the diagram Fig. 118. The heavy line shows the actual 
course of the primary current as modified by the influence of the extra 
current almost exclusively at the make. Except for the latter the 
primary current would have followed the reetangular path marke 
“desideratum” at the make. ) a 

‘The ordinary arrangement of the vibrating interrupter of a faradie 


a 
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Fig. 118.—Faradie currents with ordinary Wagner hammer interrupter. 


that point is broken by the attraction of the electron amet for the 
hammer, the current is completely eut off. = 

. In Fig. 117, B, it will be seen, On the contrary. that at this stace the 
primary coil is short-circuited, and this permits of the full establishment 
of the break extra current in the primary. At this stage the primary 
coll is disconnected from the zine pole of the battery. The extra 
current circulates In a complete circuit, consisting of the primary coil, 
the electromagnet, the Helmholtz column and the wire leading to it, 
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Fig. 119.—With Helmholtz". arrangement. 


the spring of the interrupter and the auxiliary circuit through the 
contact serew Ser? to the primary coil. Through this circuit the 
battery current is completely cut off, but the extra current flows in the 
same direction, and this reduces the secondary current produced by 
the bresk in the same way and to about the same extent as is the case 
with the make secondary current. 

To be accurate, the current through the primary coil is increased 
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use where an inexpensive and readily portable apparatus 1s required 
to simply excite muscular contraction, as in the treatment of paralysis, 

One of Lewis Jones’ experiments shows the effect of great frequency 
of interruption in a faradie coil with an iron core, and consequently a 
long duration to the make and break currents in the secondary coil. 
This 1s ulustrated im Fig. 121, where we see the make current suddenly 
cease ancl change to the break current. The break current 1s oe treading 
upon the heels of the make current.” The lower line in this diagram 
represents the make current and the upper line the break secondary or 
induced current. 

The importance of the character of the interruptions In any current 
which is appl red directly to the human body lies in the fact that muscular 
contractions do not occur during the passage of a contmuous current, 


| 


Fig. 121.—Incomplete waveain the secondary coil when there are too rapid Interruptions 
in the primary. 


or one which ts uniform and flows in one direction. They are usually 
excited by variations in the strength or direction of the current oF by 
making and breaking the current, and in this way remind one of the 


way in which electric currents are induced in one coil of wire by currents 
in another coil. With interrupted currents the greatest effect in exciting 
muscular contraction is produced when the current flows during a sate 
fraction of each period. This has been tested by Lewis Jones, who 
found that a potential of 22 volts was the weakest that would exeite 
muscular contraction when the current flowed only yore of a period). of 
45 there were 100 periods a second, only 0.00001 second, whereas 
SCV enn volts would produce the same muscular contraction if the current 
flow Wis pias to 743%, period, or 0.001 second, Further considera- 
tion of this topic is reserved for another part of the book (p. 476). 
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THE CHARACTER OF THE ALTERNATING ELECTRIC-LIGHT CURRENT 

The current flows with its full strength in one direction for about half 
the time, and with tts full strength in the other direction for about half 
the time. The time which elapses between the beginning of one flow 
In A given direction and the beginning of the next flow in the same 
direction 1s called acyele. A 100-cycle alternating current is one which 
makes 100 complete cyeles every second. The G(-evele current is one 
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Fig. 122.—10-evyele alternating current. 


very commonly employed. Each cycle includes a certain time of flow. 
first m one direction and then in the other: and at the end of each a 
time of change to the opposite direction. This transition takes only an 
incredibly short time, but still is made by gradations which. of course, 
are exceedingly rapid. The current through an alternating electric- 
light circuit of 100 incandescent lamps would make a tracing like that. 
m Fig. 123. Durmg the time represented by the line a—c, and which 
is about +4, second, the electric current is flowing in one direction with 

an intensity of 50 amperes. An- 

other way of stating this is that 


a 

: } during this time the quantity 

| < of electricity passing through 

the wire is at the rate of 50 

coulombs per second. The 

latter way of expressing the 

| rate of flow enables us to 

fon eee aierasting current compare the alternating elec- 
are 100 cycles ina enn (adapted feu, ‘trie current with the flow of 
Houston). water during the rise anil fall of 
: the tide. The, second during 
which the electricity is flowing in one direction at the rate of 50 coulombs 
4 second corresponds to the six hours or so during which the tide is 
of full foree up stream and the water is flowing at the rate of 50,000 
gallons an hour. At ¢ in Fig. 123 the electric current becomes very 
rapidly reduced to 40, 30, 20, 10 amperes, and to zero, and then begins 
to increaze with equal rapidity to a strength of 10, 20, 30, 40, and 50 
amperes. which it reaches at d. From this point to ¢ the horizontal 
line represents =[, second, during which the intensity of the current 
3 oO) amperes, and at the end of this time a change occurs by which 
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} , . : other OCCU Dies cit axceedingly short, meee re 
and this fact is expressed, though not quite Cotrectiv 3 tee sic, 
gauce inf Various therapeutic applications, these transitions - Laine 
abrupt that the current may be regarded as completely interrupted 
as well as Teversed at each alternation. For our purpose then, this 
current may be represented as in Fig. 124, by a serics of ate 
nected horzontal lines, alternately above and below the aaniea 
line. Each line a-c or d-e, represents a current of the full street 
o0 amperes in this particular case, for J yeas ete 2 


| 3 tie Second in one direction 
or the other. a-—e and d-e, constitute the two parts of 


. ; the complete 
evcle a to 6. A current of the character Indicated in F ae 


| : pti ars Fig. 124 is an 
extremely effective one, both in Inducing currents in other wires and 
also im producing physiologic effects. Its poteney in the latter par- 
ticular makes 1t a much more dangerous current to handle at high 
voltages than the direct current of the same voltage, but when + he 
alternations are more rapid than 5000 times a second the current 
ceases to produce muscular contraction and acquires the properties 
associated with high-frequency currents. 
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Fig. 124.—)0-eyele interrupted and reversed voltaic current; 5 to 15 milliamperes 
would be suitable for electrotherapy. 


Forms Under Which the Alternating Current is Used in Medi- 
cine.—In its original unmodified form it is used for diagnostic Wlumina- 
tion, phototherapy, electric baths, and for the induction of high-tension 
currents for z-ray and high-frequency currents, and for the mduction 
of low-tension currents for cautery purposes, and to run electric motors 
for various purposes. cap 

It may be altered by various devices or, rather, its energy may be 
utilized so as to produce a direct current, a sinusoidal current, 2 poly- 
Phase current. or anv other desired form. | 

Alternating Current Transformers, 5tep-up and Step-down 
Transformers.—The alternating electric-light current, with Its change 
from, say, 50 amperes In one direction to 50 amperes m the othe 
direction every =a second. 1 an ideal one to Induce secondary chetiehee ea 
This is all the more true because it has been found that no ac 
apparatus 13 required, simply a primary coil and ft secondary coll. ares 
surrounding a soft-iron core. The principle is the same a5 m o2 
Induction coil, but the variations in the current are supplied ready 
made by the dynamo, and no interrupter is needed and no condenser 
or other contrivances, such as are necessary in the case of an me 
eon. The secondary eurrents are of any desired voltage, depen en 
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electric-light current into a low-tension current of great volume 


cautery Purposes, a high-tension current of small volume for z-ray 


anc high-frequency applications, makes the transformer exceedingly 


Pig. 125.—Cautery transformer. 


valuable. The heating effect of the current is dependent upon its 
volume or amperage. 

Fig. 125 shows the form in which a transformer is often used for 
cautery purposes. It consists of two Sc parate coils of msulated wire, 
one of which fits inside the other, but the number of its turns traversed 
by the primary current may be reduced if it is desired to reduce the 
strength of the secondary current. The mner coil contains an iron 
core. It ts a step-down transformer, since it gives a secondary current 
of lower voltage than the primary current. The primary coil, there- 
fore, hats “t large and the secondary a small number of turns. Its 
special uselulness for the cautery lies not in the diminished voltage, but 
in the increased amperage. A platinum wire No. 26, B. & 5. gauge, 
will become incandescent or even white hot from the passage of a 
current of 4 volts and 10 amperes, and make an excellent cautery. 
The same energy as a current of 110 volts and 0.4 ampere would not 
heat the wire perceptibly. A current of 110 volts and 10 amperes would 
produce the same heating effect upon the platinum wire, and this 
could be obtamed from the electric-light circuit, but there are two 
important reasons why it is better to use a step-down transformer: 
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=] plying an uninsulated wire charged with an alternating current of 
L110) Folts. 

The Production of the Secondary Current in an Alternating 
Current Transformer.—Each time the primary current berins 
flow in a direction which we will call A, a current is mduced in the 
secondary coil and In an opposite direction to that in the primary. 
When the current ceases to How im the direction A in the primary, a 
current in the same direction 1s induced in the secondary coil. These 
are exactly analogous to the make and break currents m an induction 
col. In the case of the alternating current there 1s another element. 
At the instant that the primary current ceases in the direction A, it be- 
gins in the direction J, and this induces a make current in the secondary 
coil in a direction contrary to B, or, m other words, in the direction A. 
At this instant two forces tend to produce currents in the secondary 
coil and both of them in the direction A. The two forces are the 
secondary electromotive forces due to the break of the primary current, 
A, and the make of the primary current,B. ‘The result is the induction 
of a powerful secondary current in the direction A. At another part 
of the eyele the make of the primary current A and the break of the 
primary current B are simultaneously operative in producing a sec- 
ondary current in the direction B. The alternating currents, A and B, 
in the primary coil jom forces In the production of an alternating 
secondary current. The secondary current may be of the same char- 
acter as the primary current, and present a series of currents of full 
strength, first in one direction and then in the other, with such a sharp 
transition between the two as practically to cause a break in the current. 
Or the amount of self-induction m the primary and secondary coils 
and perhaps in an inductance coil introduced in the primary circuit 
for this purpose may be so regulated as to produce a current analogous 
to the sinusoidal eurrent. A chart of the secondary current might 
then present a continuous curve extending alternately above and below 
the neutral line, and undergoing much less abrupt transitions than 
those seen in a chart of the alternating clectric-light current. Such 
4 sinusoidal current, adjustable at from 5 to 30 volts, 1s of value In thera- 
aaa except In cases wee a unidirectional current is required, as 

Or diagnosis or for electrolysis. pig 

This type of step-down transformer has preater efficiency than it wes 

two eoils were straight and open at the ends, this fact being due to the 
nergy wasted at the two open ends of each coil, just as the pee 
jency in an electromagnet is not obtained in a straight bar. 
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magnetic flux in the latter case is carried partly by the iron and partly 
by the air, through which it effects a return to the first end of the iron 
bar. The quantity of magnetic flux and the weight-bearing attraction 
of the magnet are not so great with this as with the complete ferric tvpe 
of magnet, of which the horseshoe magnet, with its iron armatu re, forms 
the most familiar example. In the same way a transformer of the 
straight evlinder LYDeG WRELCS a certam number of expanding caricl Con 
tracting lines of foree and is less efficient than the cli sed Magnetic ring 
type of transformer. The straight type ts simple In construction. and 
the strength of the current may be readily regulated by moving one of 
the coils out of or further into the other. and for most electrotherapeutie 
work the advantages offset the fact that it takes a little more Primary 
current than some other types to yield the same secondary current. — 
A step-up transformer may 
present the same ap DCAran ce a3 
cb. step-down transformer. but it 
has a greater number of tums 
in the secondary than in the 
primary coil. The voltare of 
the secondary current is pro- 
portionately greater, and may 
even be Ereat enough Lo excite an 
-ray tube or a high-frequency 
Fig. 126 [iagram of «a step-up transformer: od trian : hese oe = ace? 
PAE rr Primary: s. phen Hake sevreee cry! = A principal purposes “hi which 
4& step-up transformer for the 
alternating electric-light current is used in therapeutics. In both of 
these cases the maximum efficiency is desired and a closed magnetic 
ring transformer is generally used. Fig. 126 shows ina diagrammatic 
way the construction of a transformer of this type. It eonsists of a 
complete rin ot sott iron and two coils of insulated wire passing around 
the iron at the same or different parts of its periphery. One of these wires 
transmits the 110 or 220 volts alternating electric-light current, and is 
called the primary. The other wire has alternating currents induced 
in it by the action of the primary current, and is called the secondary. 
The ends of the latter are attached to the poles of an x-ray tube or to 
any other apparatus through which it is desired to send an electric 
current. The voltage of the secondary current bears the same ratio 
to that of the primary current that the number of turns in the secondary 
bears to the number of tums in the primary coil. This type of trans- 
former may, therefore, be used as a step-up or a step-down, according 
to whether the primary current is connected with the coil having the 
smaller or the larger number of turns. In cither case the efficiency of 
such a transformer ig very great, about 97 per cent. of the energy 
required to produce the primary current reappearing as energy in the 
secondary current. ‘The energy required to send the exciting current 
through the Primary oo consists of two factors. The first is that 
which ts required to overcome the ohmic or frictional resistance in the 
primary coil. This would be almost the total energy required if there 
were only a primary coil, ‘This is lost as electric energy and reappears 
as heat. The second is the energy required to induce the current in the 
secondary col. The secondary Current performs work In whatever 
apparatus, cautery, or z-ray tube, for example, it is supplied to, and 
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energy i assured], required ta Produce it. An illustration f 
mechanics may Inake this clear. A Ma may have bi etait anikers 
small amount of therey to tum a crank and cause a cog-wheel tio ecole 
lf Ory Irictional resistance is to be overcome: but if the Com whesd ‘ 
eonmectcil with a pulley bey which TE heyy weil 15 Ww be lifted “ie 
must exert just so much additional energy in order to maka the 
cog-wheel revolve. The additional resistance to the revolution of the 
cog-wheel which the man must overcome is the force exerted by the 
hea ¥ body tending bo cause the cog-wheel to revolve in ed the 
opposite direction. Returning now to the transformer. the secondary 


a4 current in the 
rom the primary 
the primary coil js 


current actually docs exert a force tending to produce 


primary coil, which would be in the opposite direction { 
current. [his opposing force to be overcome in 
ealled counterelectromotive force. 

The actual ring shape 15 not essential to the closed magnetic ring 
transformer. lt 1 otten better to have it made up of many separate 
narrow Iron plates riveted together so as to form a hollow rectangle. 
This 15 Very easily constructed and the w incling of the two coils of wire 
about the iron core 1s greatly simplified. In fact, the coils are wound 
separately and then the proper section of the core slipped inside of them 
before being riveted to the other sections. In some cases the primary 
and secondary coils are wound about different parts of the circum- 
ference of the magnetic rimg, and m other cases one is wound directly 
over the other, as in the case of an Induction coil. The same precaution 
as to insulation must be taken as with an induction coil of equal voltage. 
Very high-tension transformers are usually immersed in ol, which has 
been found a convenient and highly effective insulatmg medium. 
This is, of course, in addition to the insulated wrapping placed around 
the fine wire before it is made up into a coil. 

The current from a step-up transformer is of an alternating char- 
acter and differs from that from an induction coil in being equal in 
both directions. It is wonderfully well adapted to z-ray purposes, 
provided one set of impulses is suppressed, or if the currents are 
rectified by a commutator. This requires special appliances whieh are 
not neerssary in the ease of an induction col. In the latter the make 
or inverse discharge is so much weaker than the direct or break 
discharge that very often no special apparatus has to be employe? 
to suppress it. And when It is troublesome, very simple re Foss I. 
the conditions will often prevent it. ‘Thus, the mtroduction of a Spate: 
fap at one or both poles of the z-ray coil will usually stop the Hat aol 
discharge because of the relative weakness of the latter as compéte 
with the direct discharge which will pass across the spar k-gaps Mae 
peded. Another simple means which 1s often effective In the a ‘s 
an induction coil is the regulation of the self-iduction m the ae 
coil by varving the number of turns through which the curre’=™ hod 
Varying the different connections of the z-ray tube itself, an a eplict the 
and ACCESSOry anode and Vacuum regulator will oiten acne = oe S 
result. These various measures prove ineffective in the ¢ nul ee 
step-up transformer for the reason that the currents ate SRaraS OE 
equal in both directions, and these Verbs procedures beens | vee tion a3 
as much effect upon the currents flowing in the desired rat ‘trans- 
upon those in the opposite direction. The alternating we ~~ 
former without any modification has been used to actuate BF : 








vy Salistactory until the induction eoil was 

olechheeney. The recent work of cl’ Areonval 

n the application of devices for suppressing one 

transformer. Snook and others rectify the 

se two devices result in the production of a cur- 

nd so easily regulated that the modified trans- 

former i probably the best z-ray apparatus in existence. It requires 
ret interrupt r It works upon the alternating electric-light current 
and has such advantages over the induction coil as to render tt desirable 
where the supply current 1s of the direct type. In the latter 

‘asc a motor generator or a rotary transformer operated by the direct 
rent 13 employ d to produce the alternating current for the trans- 
This adds somewhat to the cost, but very little to the care of 

the apparatus. The most essential points in the suppression of one 

set of impulses is the presence of two ventril or valve-tubes connected 

in series and forming a shunt circuit between the two poles of the coil. 
Each ventril tube is a vacuum tube with electrodes of two different 
characters, one of which will readily act as a cathode and the other will 

not ordinarily do so. Secondary currents can pass through such a 
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Fig. 127.—General arrangement of ventril tubes. 


ventril tube without hindrance in a certain direction, but with the 
greatest difficulty in the opposite direction. Introducing one or, as 
in Gaiffe’s apparatus, two ventril tubes between the poles of a trans- 
former has the effect. of affording a short and direct path for the sec- 
ondary currents in one direction while having no effect upon those in 
the other direction. The two poles of the transformer, therefore, 
transmit to the x-ray tube a uniformly interrupted Serres of secondary 
currents which are all in one direction. Fig. 127 shows the general 
arrangement of these ventril tubes; p and p’ are the two poles of the 
transformer and the two ventril tubes are arranged so that the currents 
enter the Corresponding end of each tube, the positive end of CMe: tube 
being connected to the negative end of the other by a conducting wire; 
p’, which is marked +, is the pole which is to be connected with the 
anode or positive terminal of the z-ray tube; and p, which is marked 
—, is to be connected with the cathode of the z-ray tube. Negative 
impulses from p’ pass readily through the ventril tubes whose cathodes 
are both nearest p’, but negative impulses from p find a tremendous 
resistance to their passage through the two valve-tubes. Just a word 
as to the construction of a ventril tube may not be out of place. It 
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ac sometimes been made of a ventril tube. pla 
so that it will allow the current to pass through 

x-ray tube mm the proper direction, but will act as an insuperable 

resistance to currents in the opposite direction. The ventril tube js 

las a valve to permit the passage of the direct discharge from 

wn induction coll through the z-ray tube and to obstruct the inverse 
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discharge. So that we use the current which the ventril tube transmits 
readily. In Gatffe’s apparatus the ventril tubes are used to shunt or 
side-track the currents, which thev will readily transmit, and to leave 
a unidirectional discharee to pass immediately from the poles of the 
erancformer to the z-rav tube. This is probably the best arrangement. 
Other valve-tubes are described on p. 749. Gaifie’s apparatus for the 
employment of an alternatmg current transformed for z-ray work 
includes liquid volt controllers, condensers, and other appliances which 
will be described on another page. The whole combination 1s a practi- 

hing, whereas 2 simple transformer ts not pertectly adapted to 
the purpose. Snook’s and similar transtormers with a rectifying high- 
tension discharge are further discussed on p. #21. 
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DETECTION AND MEASUREMENT OF VOLTAIC CURRENTS 


Dynamic electricity produces measurable physiologic, ) aes 
mechanic. and physical effects. Under the latter head would 49 
included thermal, ‘luminous, and magnetic effects. ha Sone 
effects are especially available for ascertamimg the presence and strength 
of voltaic currents, and will be the first to be described. 


FLECTROMAGNETIC GALVANOMETERS ) 
oe ‘ 14. Seni Tat yet ween 
Oersted’s initial discovery in regard to the intrinsic Sera anise 
electricity and magnetism consisted in the observation that 1 < 


. = _ slow a Magnetic 
of electricity passes through a wire passing above or peoe Ae 


Fig. 128.— Principle of the compass galvanometer. 


a. ieht angle 
needle like a compass, the needle tends Lo pes pie Eo ie 
to the plane of the wire. As to direction, Hf the Shr le i the needle 
needle and is passing from south to north, the north pote 0 | 
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will be deflected toward the west: if the current 1s from south to north 
arid i beiow the meectic, Loc latter Is deflected toward , He east, just 
the opposite deflections occur 4 the current 6 Howme trom north to 
eouth (Fig. 123). | | , 
Fig. 129 represents the case of a galvanometer with a single needle 
a-fi, and “| current How ire through a4 s1n gle complete TUT aft we LTE. 
The current passes from south to north above the needle and returns 
from north to south below the needle. Goth parts of the loop, there- 


fore. carry a current which tends to make the needle swerve to the west. 


The angular distance through which the needle moves depends princi- 
pally upon the strength of tts magnetism (which tends to keep it in a 
north and south direction) and upon the strength of the current. Using 
the same needle for different observations, the apparatus will serve as 
a measure of the strength of the current. The strength of the effect 
upon the needle 3 multiplied by using fi coll of many Turis ot wire 
instead of a single loop; and the sensitiveness of the needle 15 mecreased 
by making it astatic. This, Fig. 130, consists of using two magnetic 
needles fastened to the same vertical axis, one with its north pole 
pomting in the usual direction, but the other with its poles reversed. 
Goth are suspended by a silk thread and the coils of wire pass around 
only the lower needle. The effect 1s the same as it would be upon a 


Fig. 129.—Ordinary magnetic needle. Fig. 130.—Astatic magnetic needle. 


needle of the size of both combined, and with the magnetism of both 
combmed, but opposed by the influence of the earth’s magnetism only 
to the extent represented by the difference between the strength of 
the two needles. These must not be exactly equal. If they were 
there would be no force opposed to the directive influence of the electric 
current, and weak as well as strong currents would cause the needle 
to assume a position at right angles to the plane of the wire. This 
would destroy its value as a means of measuring the strength of different 
CUITents. 

The strength of the current is indicated by the derree cf the angle of 
deflection. It is difficult to calculate this from purely theoretic data, and 
these mstruments are usually graduated by passing currents of known 
strength through them and marking the angles reached bv the needle 
upon the dial of the instrument. In doing this the instrument which 
is to he graduated and a standard galvanometer which is known to be 
SCCUrate are connected in Series, the current passing through first one 
and then the other in completing its circuit from the positive pole of 
the battery back to the negative pole. It 1s an established fact that 
the strength of the current is the same at every point of a single con- 
tinuous circuit. Therefore the current strength indicated by the 
standard galvanometer is the same as that passing through the galvanom- 
eter which is being tested. The point to which the needle of the 
latter is deflected is therefore marked as indicating that particular 
strength of current. Different strengths of current are obtained for the 
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his test by using batterics of different strengths of 

or resistance reguintor, cn by a shunt volt mn riulator for 
r the « leet rie-licht eurrent to different enitable strenetha 

The resistance of a galvanometer without its shunt is usually from 
1) to 64M) ohms, 

The d*Arsonval miuliamperemeter and several other types of electro 
magnetic galvanomecter in common use are described on pages 180-185 

Hot Wire Galvanometer. -This depends upon the heating effect 
of an electric current upon a fine wire through Which it passes with 
) | > hot wire expands and allows 
under the influence of a spring. 


Cons] lery rc Onmmic re stsalLcnerc. 
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It is applicable to alternating anc uch-frequency currents, as well as 
direct currents, and to almost any voltage. It is difficult to secure 
reat aACCUrAcY with AM INMStruMcht of this Ly pe. 

~ Amount of Heat Produced by an Electric Current.—The amount of 
heat. as shown by the formula 2H=—(“R, 1s proportional to the resist 
ance multiplied by the square of the current. With the same number at 
voltaic cells In series, and consequently a certain uniform voltage, the 


current varies Inversely as the resistance (C= Re and in therapeutic 


5 = a 1 Lt : . 5 
aprications the resistance 15 greatest with a small area of con- 


tact between the electrode and the b mdy. A sponge clectrode 
with a surface of 4 square inches may, for example, be applied 
to the nape of the neck, and the other electrode consist of a silver 
probe making a contact with the mucous membrane of the gum 
over an area of perhaps only ,4 square inch. The same current is 
passing at both places, and the amount of heat produced at each elec- 
trode is proportional to the remstance at that place of contact. There 
would be no perceptible warmth at the sponge electrode with a current 
of 1 or 2 milliamperes, while at the electrode applied to the gums, 
where there 1s a great many times more resistance, the heat would be 
very disagreeable. 

The factor of heat at the contact surfaces between the body and 
the electrodes probably has something to do with the reduction in 
resistance which oceurs after a short period of flow of the contimuous 
current. ‘This lessened resistance takes place when the electrodes are 
applied to a wet thread or to a nerve which is apparently homogeneous. 
It can be demonstrated by the Wheatstone bridge. 

The production of a larce amount of heat by electricity involves 
two factors: the flow of a heavy current through great resistance. A 
marked rise In temperature is obtained when a large amount of heat 
is generated in a small portion of matter. The human body 1s not 
especially favorable as an object in which to develop a high temperature 
by electric currents. The resistance of the body is so great that the 
strength of the current transmitted is very small indeed in comparison 
with metallic conductors. And the small amount of heat which 1s 
generated is quickly removed from the point af contact, partly by the 
circulation of the blood and lymph and partly by ordinary conduction. 

The fact that a boy's arm and ler mav have to be amputated In 
consequence of circulatory disturbances from contact with a wire 

Carrying 6600 volts and without any burn is verv striking. 

= The galranocaulery applied for surgical operation ia an entirely 

different matter. The heat is not produced by the passage of an 
il 
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cel C tric current. 
Regaud's Electric Thermostat.—T 
tical employ ment of the heat-vencratme a ’ 
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filled with mercury. 
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nVdrowe nS, Which OY 10S Pressure maintains the mereury at a Certain 


level, leaving 4a vacuum at the Lop ot Fhe other prety A leacline-in 
wire from one electric-light wire reaches the level of the mereury in 
this tube, and the current is transmitted through the mercury to the 
other leadimg-in wire, through the heater A. and thus to the other 
electricight wire. The whole apparatus is placed inside the bacterial 


culture chamber, or whatever space is to be heated to a uniform tem- 
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Fig. 191.—Regaud's electric thermostat. Fig. 132. —Lipmann’s capillary electrometer. 


perature. If the temperature rises beyond a certain point, the hydrogen 
gas expands and depresses the level of the mercury in that arm of the 
tube to such an extent as to break the contact with the leading-in wire 
anal cut off the electric current. The thermostat mav bye adjusted for 
any desired temperature by adding mercury stored in a little side tube 
to that m the main tube, or by pouring some out of the main tube into 
the side tube. A still finer adjustment 1s made by inelinine the tube 
ancl reducing the mercurial pressure by lessenin 7 the Affirnce a mea 
between the mercury in the CWO arms ‘ot the ae ar 43 
The Capillary Electrometer.—This is an Instrument which is 
weighs m measuring the electromotive force or potential differences 
ssh physiologic or pathologie electric currents in animals or 
Saran 2s eer ‘oy a atti not so sensitive as a galvanometer 
of the electromotive f | c5 advantage of giving accurate measurements 
internal resistance This ike aoe voltaic couple ot extremely great 
cumento, and not sp paren Saito in physiologic and pathologie 
Heetrometer acte undes $1... ee 2 Belivanometer. The capillary 
i oa poly aMadge ad these conditions of small alontrouingive force 
Tess tance practically 1th Zar electrostatic INANner. 
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- : las which the mereury and the acid solution 
In the capillary tube rises the moment the current is turned on 
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portional to the height to which the level rises or also to the mercurial 
pressure required to mamtain the original level. This form of clectrom- 
eter is extremely sensitive, responding to even the weak currents 


- 
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characteristic of animal electricity, and 1s instantaneous in its response 
to such currents and in its return to the zero mark after the current 
ceases. It is used In many physiologic experiments, such as the measure- 
ment of muscular currents. 

The String £lectrometer—Einthoven’s string electrometer is based 
upon the fact that when a current of electricity passes through a wire 
tichthy stretched in a powerful magnetic field the wire 1s detfiected toward 
one of the poles of the magnet. A powerful light and a high-powered 
photomicrographic apparatus are used to throw an image magnified 
24) times or more upon a moving strip of bromide of silver photographic 
paper through a sht which 1s at nght angles with the length of the wire. 
The string or wire originally used by Einthoven consisted of a filament of 
quartz obtained by directing the flame of a blow-pipe upon a piece of 
quartz fastened at one end and having a heavy weight suspended from 
the other. The silvered quartz thread was one-third the diameter of a 
red blood-cell. The electric resistance was about 10,000 ohms. The 
apparatus improved by Nicolai and Huth (page 319) employs a platinum 
Wire about 4 imches long and having a resistance of 6000 ohms. In 
either case the electromagnet must be a powerful one and in Nicolai’s 
apparatus weighs 6 pounds. It must be actuated by a direct current, 
either from the electric-light circuit or from a storage battery. 

Correction for Internal Resistance in Measuring the Electro- 
motive Force of a Voltaic or a Storage-cell during Discharge.— 
lt is not sufficient to determine the difference in potential between the 
two poles of the battery by means of a voltmeter or a potentiometer. 
The number of volts found in this way while a current is passing through 
the battery must be corrected by taking into account the fact that the 
resistance of the elcetrolyte in the battery cell through which a current 
is passing will in itself require a difference in potential equal to the 
current multiplied by the internal resistance. This amount in volts 
is to be added to the measured difference in potential between the two 
poles to find the total electromotive force of the cell. ! 

Thus, with a storage-cell the voltmeter or the potentiometer Sod 
show a difference in potential of 1.6 volts between the two poles, wit 
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eurrent of 2 amperes through an external cireuit, hs measured by a4 
ralvanometer. We know that the current through the battery 14 also 
Ce sane str nth - 4nintre=. [i mae ii ternal ri a] ILA fi mite cel 
<< messute! and found to be 0.2 ohm, then, according to our rile, 


fn ht 1 | | a ¥ - - r, oe i | 
must be ached to It volts, TiC nSwit 
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difference in potential betwee the two poles. This 


clectromotive force of 2 wolts. 

Another eancition PCAs bo be eonsicdered. In the cee ot 4 
hattery with a certain number of volts difference in potential between 
its poles the current passing through the external circuit is equal to the 


voltage at the two poles, divided bY the resgztance m the external 
circuit. But doublmeg the external resistanee does not cause the current 
to be just half as great. In order to reduce the current one-half, the 
total resistance, intermal as well as external, must be doubled. The 
difference in potential at the two poles will be found to have undergone 
a change if only the external resistance is varied, and the new strength 
of current cannot, therefore, be caleulated from the old voltage at the 
two poles. The new voltage may be measured by a voltmeter or a 
potentiometer, and then this may be divided by the new resistance of 
the external circuit to obtain the number of amperes of current. 

The total electromotive force divided by the total resistance always 
gives the strength of the current; and whatever the intermediate 
voltages or resistances may be, their effect is determined only by 
combination with the conditions in the remainder of the circuit. 

The current from a single storage-cell with an external resistance 
of ;2sg Chm may be 10 amperes. And this would indicate two different 
things. One i that under the conditions dezcribed the potential 


difference between the poles of the battery is only -, volt (V=CR or 
Ths volt= 10 AMPs < peep OhM, according to Ohm's law). This is 
true m spite of the fact that on open circuit or with a large external 
resistance the potential difference between the two poles of the cell 
will be 2 volts or over. The other fact, which is indicated when the 
current produced by a known electromotive force of about 21 volts 
and an external resistance of only ,,/,, ohm is only 10 amperes, 15 that 
the current strength must in this case be almost entirely determimed by 
the internal resistance of the storage-cell. If it depended only on the 
Toon Ohm external resistance, an electromotive force of 24 volts would 
produce a current of 2500 amperes. This will be found to be of imipor- 
TAnoe in studying electric currents produced by physiologic Processes. 
The difference im potential between LW oO portions ot the boy Try" bee 
0.08 volt, but if these are joined by 4 conductor of 1 ohm resistance, 


: zm 0.08 volt ae 
the current will not be ~ = = 0.080 ampere, or o0 milliamperes, 
oOnm 


but a very much weaker one. The resistance of the body may be 
1(KM) ohms or more, and this must be added to the external resist- 
ance m calculating the strength of the current. The total electro- 
motive force may in this way be approximately the 0.08 volt difference 
In potential on open circuit. 
: The Measurement of the Potential af a Single Eleetrode.—This finds 
its most evident application In the esse of sfatic electricity, where the 
potential is so high that the divergence of a gold-leaf electroscope 
orms the basis of measurement. 

The potential generated by physiologic processes is so small that 
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the calomel electrode beme used 


Fig. 133 shows 
f 


a t 
ih elect roles, 
= Po —— ‘st E a 
as a standard. This eloetrode 


Los of il fk 
sists of mercury covered by a laver of calom 


‘|. anc the Wire dipping mt 
with the electrolyte (normal KC] solution’ 


byraglasstube. Inverted U-shaped tubes from this jar and from the jar 
containing the other electrode dip into the same solution in a middle 
jar. These inverted U-shaped tubes are filled with the same solution 
by blowing through the rubber tubes shown in the diagram. 


is thus a continuous liquid path 


it 1 msilated Irom contact 


There 
between the electrodes, protected against 
the effect of vibration and forming really a voltaic cell on open circuit. 
The calomel electrode has a potential of +0.56() volt; it is positive 
and the liquid negative. As an example, the difference in potential 
between the two electrodes might be 0.6500 volt, the calomel electrode 


Fig. 133.—Calomel electrode used to measure the potential at « single electrode. 


bemg positive. This would show that the unknown potential was 
+(0).5600 — 0.6300 = —0.0700 volt. 


Known Potential of Calomel Electrode — Difference in Potential = Unknown 
Potential. Henee bent cal 
. eae , | ) ‘ : tin ‘nknown Potential. 
Potential of Calomel Electrode. Difference in Potential. [ nknown pike 
+ 0000) 0.60) : — 0.0700) 


Another example would be: 


2 . ,2 — : Ro cw cial. 
Potential of Calomel Electrode. Difference in Potential. Unknown Poten 
+0.5600 = 0.5000 - + (0.0600 


— . n : ait atancis lectrode 

Errors arising from chemic action between the anda orally 
and the electrolyte may be guarded against by rea pea Pee 
in potential before connecting the standard electrode with pet 
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ac In normal sulphuric acid solution 1s + 0.977. 


ient to use and more liable to error than the calomel clee- 
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which 1s correct down to + millivolt or fiom Volt. 


. In addition t 


The Telephone.—The telephon 
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> acuteness of hearing, 


i 
nas some value as a Lherapeutic ACT In the application of sound 
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eacenee of eleetnec currents and testing th 
i 


near and brain diseases. 

The apparatus consists essentially of a transmitter and a receiver. 
and there may be an electric battery. The transmitter is used by the 
speaker in an ordinary long-distance conversation. Words spoken 


It produce characteristic vibrations in an iron di: phragm, which 


1 
7 


iS Made to move toward and away from the end of a magnet, As the 
armature approaches the magnet the attraction bet ween the two 
increases and the strength of that Inagnetic pole is increased. The 
Magnet is surrounded by an induction coil in which a current is gen- 
erated by the expanding lines of force produced by the increase in 
strength of that magnetic pole. The wire of this coil Is continuous 
with the two wires leading to and from the dist ant receiver, and with 
the induction coil of the latter. The induced current travels through 
the entire length of this wire at. the rate of 188.000 miles 9 ser me. and 
Is, therefore, almost inst antaneously sent through the other part of the 
wire, forming the induction coil of the receiver. There it acts to 
strengthen that magnetic pole, and, therefore, to attract an iron dia- 
phragin. The diaphragm of the transmitter Moves away from the 
magnet at the other part of each vibration, and causes a diminution af 
strength In that pole of the magnet. This mduces a current In the 
Opposite direction from that first described. and the eficct of this at 
the receiver is to diminish the attract lon exerted upon the iron dia- 
phragm. The millions of vibrations produced by the sound of the 
sated oy. hahaa aaa Accurately duplicated by the 
cateda the an Bi pia A oy Setar of the latter are communi- 
duction of the human. voice are lac’ : ape = al Ti Sat Poricct repro 
transmitter and reesiver ont hers ret nt through the coils in the 
: 3 : ae : £4 : clue ums eure Cas 
the telephone js taken from its Bank bo = eee ms gittien = 
tromagnets of soft Iron, magnetized by tl mines ue = aac eee 
of the Vibrations of the Iron diaphra ae ee a curren, and the effect 
variations in the streneth of the. ee the transmitter is to produce 
boss - strength of the Clrrent. These Wert in a = 
m the coil of the receiver, and pr, luce varintin ee are repeated 
F Produce YarTMAlions m the strength at 


the magnet, wi sponding vi : 

i found isha me ohne ne Her of the diaphragm. This 

‘he aoe : = “A > ff Esk epencl in Fon per be =r + 

va Tages on meeelver without any batter Toate ACRE 
Sctric curren cas : : elephone a3 a delicate test for the 

pict pneken if valuable in measurements of pe 
Sectsomotive force. This > ilustrang 
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. 134.—Urbantechitach’s telephone apparatus for testing bearing. 


connected and which is placed mside of two separate primary cous. 
The latter are exac tly similar and are Sup plied WIth the same current 
ruptions 


from a battery or from the electric-lighting circuit, the mt 


Pui pa ay 
SS" 


— 


Fig. 135.—Hreitung = telephone sprparabus for teating heer Lage. 


When the two primary coils 
upon the secondary 
eoil exactly sounterbalances the effect of the other, and there is a com- 
plete absence of sound in the telephone. (ne of the Mamta coils is 


being made inside a sound-proof bax. 
are in exac tly the right f position, the effect of one 
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wut. the other movable by «a rack andl Dinion. Moving this coil 

d the center of the secondary coil causes more and more secondary 

to be induced, and more and more nowe to be produced in the 

The point at which the patient ts able to bear the soum 
rmishes a mathematic Value for record or comparizon. 

It is possible to use a single primary and a single secondary coi in 


anime way, but they would bave to be # parated to an Titan he neg 
distance in orde to aorcure complete ahzence of sound. With the twa 
primary ecole only two or three inches of motion are require d to change 
from the 


MmaxImum sound to complete sulence. 
Fig. 135 shows Breittung’s apparatus tor t 


1@ Same purpose. There 
sa large tuning-fork set in vibration by an clectromagnet and inclosed 
m4 sound-proot box. The telephone 1s excited hy I he Secomdary 
currents in an induction coil, the primary wires of which are not con- 
nected with any battery, but with electromagnet coils placed near the 


vibrating ends of the tuning-fork. The back and forth motions of the 


steel tuning-fork generate alternating currents in the primary coil. 
The loudness of the sound in the telephone is varied by moving the 
secondary coil nearer to or further from the primary. The advantage 
of this over the other mstrument is in the fact that a pure tone Is pro- 
duced or sound consisting altogether of one wave length. 

Cases of cdeainess are sometimes benefitted by the application of 
sound wibrations by means of such apparatus as the telephone or the 
phonograph. This may be called a very mild form of audifory massage. 

The Potentiometer.—This 1s an arrangement of apparatus for 
measuring the difference in potential between any two points, such as 
the poles of a battery, and acts equally well whether the battery is on 
open or closed circuit. 

It consists of resistances, a standard cell, and a galvanometer, and 
its principle is the balancing of the electromotive force of the one 
against that of the other in such a way that no current flows through 
the galvanometer. ; : 

Fig. 136 shows the arrangement diagrammatically. 


f a 
as, 


; 
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Fig. 138.—The potentiometer, 


The wire a—-) has a uniform thickness and considerable resistance, 
and the resistance of any two portions of it 14 proportional to their 
length measured upon a metal scale over which it is stretched. At its 
two ends this wire is connected by a wire of very small resistance with 
& constant battery, such as a single storage-cell A. The difference in 
potential between the two ends of this wire will be about 2 volts, c is 
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rin cif the hatter, A. The positive EMH of i is connecterl Li 

bi the resistance wire: and the negative pole, after 
the ralvAanonn Ler a, Te kes . i slick contact with 
‘wire at the point xz 


' : 0 z a r ™ 4 
. Phe eircuitaca st & tn alyunt 


rent woul 


i) The 
] Puke j ; | 

CLCCLPOoOMoLIvVve Tore t hia hl | | id 

Mliow t hirverperk : . 
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1 ott were not for thi 


lectromotive toree of the storage-cell A. The cdifference in 
rontial between @ and =z varies with the reeistance between the two 
: ] 


bv moving the sliding contact. 


Lhe electromotive 
esented by the difference in potential between a and x. and 
fending to produce a current through @ ¢ g x 1s opposed bv the electro- 
motive force of the cell ¢, which tends to produce a current in the 
opposite direction through rgea. The shding contact adjusted until 
he ralvanometer shows that no current 1s passin through the cireuit 
- 4 standard cell with a known electromotive forec, such as the 

A point y is then found, by the 

contact, where no current passes through the galvanometer. 
he difference in potential between a and x is equal to the electromotive 
wee of the cell ¢: and that between a and y to the electromotive force 
of standard cell s. These two are proportional to the resistance a x 


and @ y. Theretore, 


- 


Eleetromotive foree of ¢c Reewetance or 


Electromotive foree of s § #$ Resistance a y 


In the case of the single straight wire in the diagram the lengths 
ax and ay may be measured and substituted for the resistances a 2 
and a y in the above equation. a ree Rees pein nee 

A resistance box with resistance coils giving any required resistance 
ean be used in the same way, and is much better than the simple a) ralgnt 
resistance wire. The latter was used in the illustration simply because 
of its diagrammatic simplicity. aay “al eabeanometer Or 

The measuring instrument may be a d’Arson al galvanometer © 
a capillary electrometer. i= aes aoe 

The Electric Conductivity of Liquids.— The COON OS 
liquid 1s the number of amperes CT current which a cube i aoe . ae 
measuring one centimeter on each side will transmit under a pressul 
of one volt. eet 7 

ate << ner square centimeter 

The current density is the number of spa tes para pati is the 
of cross-section in the path ot the current. ~Sigitcom dancer ie 
fall in potential (in volts) per centimeter of the length of the o 
path. ¥ | ah a urrent density 

The conductivity of a licpuid may be described as the current ¢ i 
under unit potential gradient. mt ttotts and 35 

The specie resistance is the reciprocal of the conductivity, & 
expressed in ohms. ; , i ee f maximum 

The conductivity of sulphuric acid at its sreagih © ‘is aperitia 
conductivity and at a temperature ol LS? ae Ae 


: ‘hie ia the resistance of a 
resistance is ohm, or 1.353 ohms. This 1 the resistance 


I 
. 0.7398 | ae 
aut 1 liquid one centimcter on & ome. i 
r nhs! pias ao ventetanes ob 6 liquid is the number of ohms of resistance 
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liquid one centimeter on m& sile, 


‘lt = cl Fi Teh hi riya rhe il LMT 
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liquid threnel 
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ng A numeric Value to the conductance of a body of liquid or of 
til tor. I the CON UC Lane CADTessed a ayy many mi hee 
l divided by the number of ohms resistance 


of a trough of liquid inte which tw 


= o 1 = be J 
. Leg I ba epwi ay ae ne = 7 
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big L. 


t 
a Th : ' : oo a * . " = . 
case Of Tie sulph irk sci SOUTION Teterred to ahore lts 


the surface area of the clectrodes, and their distance apart. 


ductivity 1s 0.7308, and savy that the electrodes are plates 10 centimeters 
square (1. €., each has an area Of 10 square centimeters), facing each 


other at a distance of 5 centimeters. The conductance will be found 
by multiplying the conductivity 0.7398 by 100. the area of cross-section 


f woke 2 a i, Le —_ i | F 7 __ a . = E a | < i cs 7 é 
Ohi { he I CHELCE LL ie peteEl ancl cn Oe ch a}, Loe leneth Oi the CONGUCLINE 
Dalen: 

U7 Jo Se 1 OO 


a 


Lonductance ='= [4.706 mbox. 


The resistance of such a trough of dilute acid would, of course, be 
i708 0.0696 ohm. 

Liquid Resistances.—These may be introduced into a cireuit to reduce 
the strength of the current; and if the area of the two electrodes or 
the distance between them is adjustable, a liquid resistance may be 
used to regulate the strength of the current. 

The name liquid rvolt-controller is properly applicable only when 
such a cell is shunt to the cireuit of utilization. 

An adjustable liquid resistance is used as a rheostat or as a Volt- 
controller in several different types of z-ray apparatus to regulate 
either the primary or the secondary current. Gaiffe’s transformer for 
zray and high-frequency currents, one of the most modern types of 
apparatus, uses liquid resistances in the secondary circuit. 

_ The resistance of a liquid varies very greatly with its temperature, 
with its concentration, and with its exact chemic composition. Some 
few liquids have a conductivity and a temperature coeficient which 
make them suitable for the gross regulation of the current. The 
resistance of aqueous solutions Varies about 2 per cent. for each degree 
Centigrade. 

Liquid resistances are never constant, so as to make them suitable 
for use in the exact measurement of electric currents. They cannot 
take the place of coils of wire for this purpose. 

Polarization in Liquid Resistances.—The flow of the current is almost 
entirely dependent upon electrolysis. The purest water obtainable, 
redistilled and preserved from contact with the air in glass vessels of 
as little solubility as possible, for glass itself varies in solubility, is 
with difficulty electrolyzed, and has a conductivity of only 0.04% 10—, 
or 0.00000004. On exposure to the air the conductivity of distilled 
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PeSsistance it Which the current 1s actually rendered discontinuous 


n ; t.._ a 
a = Lae Te by ay a a . 
ehanges taking place at one of the Cleetrodes. 


The resistance of a inquid cell ts, therefore, not always a true 


7 : indices 
ce br COMCLUCTLIY nt (Mi the liquid. 


The nplucnes of pola Lafion 1s reduced by using a ratidly alterna- 
‘urrent and electrodes with specially prepared surfaces. 
Platinized electrodes are prepared by immersin : : 
scent. zolution of platinum chlorid containing 7, per cent. lead acetate, 
Suri sending a weak current of electricity at first In one direction and 
shen in the other for about ten minutes. The surface of the platmum 
electrodes becomes coated with platinum black, which does not allow 
the fuses TO accumulate LIT HOn its suriace to AY GXLOLE, and thus greatly 
reduces polarization. Palladium black deposited upon the surface 
: electrodes is also an excellent depolarizer. 
anid alternation of the current, so that neither electrode 1s of one 
ity long enough ior rases To collect LL pre it, Is a most effective 
Deas ol preventing polarization. cr he i mt 
Testing the Conductivity of a Liquid.—This 1s done by placing some 
af the liquid in a suitable e¢lass or porcelain vessel, immersing suitable 
electrodes in it, and then, by means of a battery and small mduction 
coil, Wheatstone’s bridge, and adjustable standard resistance, measuring 


abies. fp Wiese ber =) 
fre at pal ee: 
rent in testing comluctivity of a Liqnaicl. 


Fig. 137.—Use of the alternating electric-li rhe cu eories with the ipenodescent Lamp- 


A volt controller and the Wheatstone bridge are i 


the resistance offered by the liquid cell to the passage of baat 
As an ordinary galvanometer or milliamperemere” od or. better still, 
an alternating current, an electrodynamoment i ara place which the 
a telephone receiver. ‘The telephone receiver AKO © ot tv eatstone 
galvanometer would occupy in the ordmary U5© peste no current 
bridge, and indicates an exact balance, So ealaphione: 
actozs the bridge when no sound 1s heard in the te P ltaie Salis oon hey 
The battery should consist of only one oF a ccametasieih in circuit; 
celia, <A storage-cell ean be used with «@ large fixe a na ‘ntroducing an 
OF the alternating eleetric-light current can be aT) "The volt con- 
incandescent lamp and a volt controler Cee ae to yield a difference 
troller has very little resistance, the object bemg to y™ | 
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of potential of only two or three volts between the wires leading to the 
Wheatstone bridge, The resistance employed in the volt controller 
being only two or three ohms, it is necessary to supplement it by the 
resistance of the incandescent lamp before it is safe to turn on the 110 
volts alternating current. The senes lamp-socket makes it a simple 
wtter to connect an electri: lamp for use as a resistance. ‘The socket 


- the lamp is in series with any circuit which 


ee | a4 - 7 f Thi 
mba Leabat — [Ra Ls one 
E 


— 


] 
erminates at A and B&B. Dheconnecting the wire at A and B or both 


the lamp. <A 16-candle-power lamp is serewed into the 


t = = | i i fs f = 
altcrmation in the ¢lectric-lighting eurrent is not ranid 


lw 


| 


I 
a 


r sound in the telephone receiver and consequent 
| 


duction coil is required. 

The 110 volts direct electric-lizghting current may be used in the 
same way, and serics socket and volt-controller form a simple and 
reliable apparatus if one has not a more elaborate apparatus, such as 
the author's table for obtaming the galvanic. faradie. sinusoidal. and 
other currents from the 110 volts direct current. 

The shape of the vessel and the distance between the electrodes 
should vary to correspond with the conductivity of the different liquids 
to be tested. A U-shaped tube, Fig. 138. a, in which the two electrodes 
are separated by a column of liquid several meches in length, is suitable 
for test Ing the conductivity ot 2 Lieve which i 9 good conductor. The 
diagram 6 shows a vessel suitable for testing a liquid of very poor 
conductivity. The electrodes are fixed in position by wires which are 


: & 
Pig. 135.—Vemels and electrodes for terting the conductivity of liquids: a, For liquids of 
great conductivity; 6 and ¢, for those more resistant. 


sealed Into glass tubes, the latter being partly filled with mercury. 
Conducting Wires dip into the me cury and make perfect contact. 
The two glass tubes are solidly fastened in the hard-rubber cover of 
the jar and there is another hole through the cover for the introduction 
of a thermometer. The glass-covered stem of the lower electrode is 
shown in the diagram as passing through a hole in the upper electrode. 
The diagram ¢ shows still another arrangement. The two electrodes 
are solidly fastened in a glass tube, open top and bottom, and can be 
immersed in a liquid contained in any sort of vessel. 
_ The mduction coil for use in these measurements should have only 
about 1000 turns of wire and its vibrating interrupter should rive 4 
musical note representing from 250 to 1000 vibrations a aeoriad. ‘There 
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ure of the liquid makes a difference of 0.001. 


. in the tem- 


a lt may be readily 
Measurement 16 to be exact down to thousandths. the 
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in a thenmostat. 
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vel 
having the wire doubled Li phon 
the second by Chaperon’s method of winding, each layer of 
» Tes stance ro wound in the opposite direction irom the preceding 
r SSO 


= 


resist 


tances are formed by 
4 resistance wire on etther side of an adjustable sliding 
eontact. ‘This may be a straight wire of platinum iridium alloy or of 
eonstantan, a Mickel-copper alloy, 1 


¥, the two other standard 


i 
| 
n= of 


fee Mie be 


meter long and about 4 
be a similar wire with perhaps only 
its two ends forming resistance coils. 
space in the construction of the apparatus 
is permissible because the measurements by the Wheatstone 
hridwe are most accurate when the two parts of the slide wire resistance 
are nearly equal. 

Fig. 139 shows the arrangement of the 
ment of the resistance in the cell of liquid, 


I 
25 mm. of straight wire, and 
This arrangement economizes 
anid 


= 
1] 


mm. in diameter. Or, it may 


apparatus for the measure- 
and Fig. 140 gives the cus- 


rer 


Batters # fection col 


‘| ty ; | te Me 14t.—Conventional diagram of 
Fic. 129.—Wheatetone bridge tse to Pig. = aad bo messire 
eal CTCL a = conductivity of AL liquid. 


tomary diagrammatic representation of the Li heatstone bt and 
indicates the parts which correspond to the present BC. secording to 

Naming the different resistances DA, AC, DB, and DY; 3 athe Ries 
points between which they are placed, these are the au ze brides: 
[39 and 140. According to the principle of the \\ hustle er 
nO current. will fow across from A to B through the telephone Fre 


if the different resistances bear the following relation: 


DA :; DB: ; AC : BC. 
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le by setting the sliding eontact at SOO, making Af 

hile the current ts turned on and the telephone 

he other ear stopped, adjusting the plugs im the 
minimum sound e produced in the telephone. 
Ing contact f moved along the resistance wire in one 
other ymtal Lhe absence of sounel iT thie telephone hows 


v lies 


‘ ; ; ‘ 3 : ; 
mo Cuibenitl if DSSS? ACOs Lie bridge. Phen. rom tric 


of AC and BC m millimeters and of DA im onms we nel be che sul 


nroportion the value of the unknown liquid TeSIsS Lance CHELITLS. L tne 

phone forms an extrem lv sensitive test ior the resect I absence 

‘rupted or an ; ting current. It shows as slicht a 

— between the potentials at the two sides of the 

ridge. lt consequently affords a very exact measure of 

resistances. It does not, however. indicate the direction 

flowing across the bridge, and consequently there 1s no 

mathematic guide to the direction in which the sliding eontact should 

be moved. The latter is moved in one direction at a renture and the 

effect upon the loudness of the sound in the telephone is noted. If 

the sound becomes less, it means that the sliding contact is being moved 
in the neht direction, and vice versé. 

The general arrangement is exactly the same when the direct 11(- 
volts current with a suitable volt-controller is used to excite the small! 
induction coil. 

An eleectrodynamometer must be used instead of the telephone 
receiver if the slowly alternating electric-light current is used. as this 
does not give a satisfactory sound in the telephone. 

To recapitulate. A unidirectional current cannot be used in 
measuring the resistance of a liquid because of electro! ysis and rapid 
polarization. An ordinary galvanometer or milliamperemeter will not 
work properly with an alternating current. The telephone receiver 
has been found excellent for the purpose of detecting the presence of a 
current; and the best current for the purpose is the secondary current 
from a small induction coil of 1000 turns actuated by one or two dry 
cells or by an equivalent direct primary current from any other source. 
The secondary current from the induction coil is a rapidly alternating 
Ole. 

One practical application of this test. in medical electricity is in 
determining the eleetric conductivities of the urine and other animal 
fuids which vary in morbid states. Another is m the measurement 
of the resistance of the human body. When electrodes are applied 
CO @ cutaneous or a mucous surface. or actually puncture the tissues, 
we have to do with an electrolyte with some of the same characters as 
those of the liquids deseribed in the last few pages, but even more 
complex. The resistance encountered by a direct continuous current. 
for Instanee, changes very much after the current has heen flowing 
for 4 time, and is greatly modified by the passage of a faradic current. 
As in the case of liquids in glass jars the resistance to the flow of the 
current through the body is lessened in proportion to the size of the 
electrodes. The knowledge of the effect of varying conditions upon 
the resistance of the human body is of great importance as a guide to 
application of the proper current; voltage, alternating or direct char- 
acter, frequency, and sometimes amperage, all have to be considered. 

Electric Conductivity of Solids.—Metals and other food condue- 
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liey wowed  _... . Partial or semiconductor 
Marble 
Paper, . 
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Porcelain 
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Currents and Derived Circuits. An electric current divides up 


ro portion to their conduc- 


F 1 
SAITO EY two or more conduc ting paths : E resistances. 


ir 
tances. The latter are inversely ee ae eee ates ¢ through 
In the diagram (Fig. 141) a current C 15 supe Benes of an electro- 
the undivided portion cl the circuit uncer the in Le 


i 
Fr 
aa 
ie 


—— 


Fig. 141.—A pa dividing Into two derived circuits. 


in the undivided part of the circuit, 


motive force E. RB is the resistance srauits into which it divides. 


and rf and - are the resistances in the two cl 
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- current C, through the | | 
r derived circuits, are foun by the 


throuch the two branches « 
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nitions: 
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Rr + Rr 


Phe current C through the undivided part of the circuit is. of course. 
qual to the sum of the currents ¢ and ¢, into which It splits At & certain 
point. 
The currents c’ and ¢ through the two divisions of the circuit or, 
technically, through the two derived circuits, are inversely proportional 
to their resistances. The current in the first derived circuit is to the 
current in the second as the resistance in the second ts to the resistanee 
in the first. If the resistance in the first derived eireutit is twiee a5 
great as in the second, the current in the first circuit will be half as 


great as in the second. 


WW 


Fig. 142.—Principal circuit and shunt circuit. 


tne piesa a pubes to include the internal resist ance of 
cireuit. ~ | mat of the rest of the undivided part of the 
lhe two derived circuits in the diagram (Fig. 141) are Speen 
es Starting at a certain place where the main circuit divides into these 
Hwo, and terminating at another place by coming together to form br 
their Un1oOn the continuation of the main aivciie "This cages KE 
Cagrammatic representation of every case in which there are only 
two derived circuits. There are ‘pparent variations, such as when the 
main circuit seems to be unbroken and its single continuous aber 
tapped by the attachment of the ends of a shunt or side wire at two 
Pomts more or less near to each other. Pig. 142 represents such n 
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[wo circuits starting from Fig. 144.—Single circuit ot one pole of bat. 
the battery. tery and divided circuits at the other 
through the battery itself is an undivided one and is equal to the sum 
of the currents through the two derived circuits. The latter currents 
are inversely proportional to the resistances in the two derived circuits. 
The resistance R. of the undivided circuit is sunply the internal resijst- 
ance of the battery. 

Another case is seen when an undivided circuit leaves one pole of 
the battery, but the derived circuits do not reunite and are attached 
scparately to the other pole of the battery. Here, Fis. 144. the re- 
sistance R includes the internal resistance of the battery and the resist- 
ance of the undivided part of the external circuit. 


Fig. 145.—Undivided circuit with a Fig. 146.—Loop starting and ending 
rire attached at only one Point and not at the same point of a circuit and there- 
STMng a derived circuit. fore transmitting mo current. 


. ‘Another case which may be considered is that in which a side wire 

8 attached at cither pole of the battery or at any part of the elrcuit, 

but the other end of this side wire (Fig. 145) does not lead to any part of 

the circuit. This side wire docs not form a derived circuit and it 

transmits no current no matter how great or how little resistance It 

may have or what proportion its resistance may bear to that in the 
12 
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cuit. There is only a simple circuit with an clectromotive foree E, 
Ro owhich includes the resistance of the external circus, 
Lhe strength of the current C 


awh IM the batter, rie in the 


i total resastance 
and the internal resistance of the battery. 
the came at all Parts of the circuit, b 
cuit, and is equal to E divided by 


° 2ame pomt 
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PaAnsmit any current, nO Matter WOAL ICS Pesistance, F, mia Pee 

‘i. 141 (p. 175) is diagrammatic of every case im which there are 

a : ip. S CPL or) ce ar 

One® 21mple and two Gerivect circuit=, 1 DEIN tindersto a1 thet the 
i 


simple circuit eometim | re hinel 5 fh batter, Lorne and 20 Metimes Ee 
battery and an undivided portion of the circuit connected with one or 
with each pole. The resistance R of the ample circuit may be only 
the mtermal resistance of the battery, or if there are portions of a simple 
1 


circuit connected with one or both poles of the battery. it will Include 
TLOCIF PeSistances alsa. 

Any number of derived cirevtls would he represented by a eorre- 
sponding number of branching lines. The current through the simple 
circuit is equal to the sum of the currents inte which 1 splits in the 
derived circuits. The division of the current between the latter 1s 
nvereiy proportional to their resistances. 


Lhe conductivity of any circuit is the reciprocal of its resistance. 
Te a |] , ee a : Ai : =e I - * 
lf the resistance is r’, the conductivity is —| The combmed conductiry- 
, : | 


ity of several parallel conducting paths or derived circuits is the sum 
of the individual conductances or the sum of the reciprocals of their 
Individual resistances. Thus, if the resistances In- three derived cir- 
cuits are r’, 7, 7, their combined conductance 15 a = and if the 
rah ae | 
resistances are all equal the joint conductivity is three times as much as 
the conductance of any one of these derived circuits. The jotnt resizt- 
ance OF a number of parallel derived circuits is equal to 1 divided by 
their joint conductance. 
In the case of two parallel derived circuits with resistances r’ and 


r (Fig. 141, p. 175), their joint conductance= 5+ “i their joint resiat- 


ance = ——_— — marae =e’: 
t.1 F+r rar 


ror fp PR 
The joint resistance of two derived circutis ts equal lo the product of 
their resistances divuied by the sum of their resistances. When there are 
two derived circuits and the resistance, r, of one is known, we may 
calculate the resistance r’ required in the other derived circuit in order 
to produce a joint resistance, R’, by the formula: 


rw 


The total resistance of a circuit with two derivations r’ and r and 4 


resistance R in the simple circuit ise R+ am a or =R+R'. 
- j = 4 = 7 | ee 
A valuable application of this formula 8 In determining the relation 
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ihe resistance of the galvanometer 


Ud involve a waste of power and an uwndesir- 


Li a the current wi Pe Seri through it. A gal- 
practically aways [oOrms fh cerived Clrcuit. while 
another parallel derived circuit. The resistance in each 
calculated that the multiplying power of the shunt is 


1X) or XK: and very often these relations are adjustable. 
ith weaker currents a lower, and with stronger currents a 
multiply Ther La ts used. . sh 
calculation of the resistances abet iC N ht, 
of the galvanometer and the shunt in 


order Lc produce a Ceram multiply eng 


mower 1s Ln POrtant. 
The total resistance R im the circuit 
represented in Fig. 147 is made up of 
the internal resistance B in the battery: Fa 
Dial ole Ee t r | - "a Nea 7 y L 
the resistance of the galvanometer G, ‘fil 
the resistance of the shunt s,and the re- ‘Fig. 147.—Relation between re- 
sistance of the rest of the external cirenit ==t#=ce ™ 4 galvanometer and its 
i 


amy zhunt. 

The resistance encountered by the | 

current in passing the galvanometer and its shunt is known to be 
ty ‘4 & & . tr * 
-- The total resistance F= B+, 
f(y ai. ty — 
= ie, a 5 EB : tri | (rs 4 = = 
ing Ohm's law become =, = amperes; E=C (B+ +1), volts; 

iy ros “| aR 
B-+- 


'G+s 


+r, and the equations express- 


+TF 


c= Fi + ot 4 r ohms= total resistance. 
r+ 
If the galvanometer were in simple cireurt and there were no shunt, 
but all the other conditions as to electromotive force and resistances 
were unchanged, the current passing through the galvanometer would 
be a certain number of times greater than the current which samme: 
through the galvanometer when the shunt 1s used, and the current & 
thereby divided into two parts. epee Sas 
The multiplying power of the shunt 1s the ratio of the gate ; xf 

which would flow through the galvanometer if not shunted to cae “a : 
rent C’, which flows through it when shunted. The formula for the m 


" “topea . 3 ; (. a 
tiplying power 1s oo ae <+Q, Ifthe multiplying power, pw ™ ny 
G+s cae? Gi 
n=——"; sn=G+s; sn—s=G; s (n—1)=G; iy 
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: ; lv I: refore, 
The resistance required to give a multiplymg power of nis, therefore, 
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i dered to keep the current stren th a wh to the sam series 

a compensating resistance must be added in the simple 

o . 

La wy thi clifterc Thi ehekhween it, res (Stance LOLs resis Lari i 
= - = i - t i 


resistance of the galvanometer and the shunt. ‘The required 
“ompensaling resistance is, ( = or G = 
, Fi 
Cralwarnaniele ‘The derree of SeTIBTLIVeETLeSS 
fy ere af mieril is determine by the resistance 
(if) it is necessary to place m cir- 
euit with it in order that one Daniell 
cell will produce a deflection of 1 
degree of are (Fig. 148). The figure 
of mer! of a galvanometer may be 
found by varving the resistance FE 
until 1 degree of deflection is pro- 
duced, or it mav be c alculated f from 
the number cri degre eS cil cle flee ‘tion 
produced with a known resistance, 
R. and one Daniell cell. If d is the 
Fie. 14% —Measuring the sensitivencss Mumber of degrees deflection m the 
of a galvanometer. case shown in Fig. 148, the resistance 
Rf, which must be mtroduced im 
order that the current shall produce one degree of deflection, = found 


G4 =~ f Uy 
from the equation KRi=d — re open = K+ B} 


7 


— 


nw 
=e 
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Galvanometers may be marked im degrees, i. ¢., fractions of a 
circle, and if so, it is necessary to know their degree of sensitiveness in 
order that they may be used for n weasuring the strength of currents 
and indirect ly for messuring electromotive force and electric resist- 
ance. ‘The above method enables one to test this degree of sensitive- 
ness, and it may be applied to any raly anometer, whethe r the strength 
of the current is proportional to the number of degrees of a cirele in the 
angle of deflection or to some other mathematic function of the angle. 
The ordinary needle galvanometer undergoes de flections, which, with 
mwlerate angles S. are directly prope irtional to the Stre neth of the current; 
and, having once found the degree of sensitiveness of the instrument, 
it can be used as a milliamperemeter. To calculate the number of 
amperes Indicated by OTe degree ot devi it LCE : tivide the number of 
volts of electromotive force yielded by the Daniell cell by the total 
ohms of resistance, internal and external, in the circuit, which results 

in one degree of deviation. 

The wire in an astatic galvanometer varies in size and in the number 
of turns according to the currents which it is designed to measure. The 
usual instrument for measuring voltaic battery currents consists ol 
about S00 turns of insulated copper wire about } millimeter or >}, inch 
In diameter. 

Such instruments, of course, have great electric resistance, and even 
when shunted so that the joint resistance of the galvanometer and 
shunt is only one-tenth or one-hundredth that offered by the galvan- 
ometer when unshunted; this joint resistance is still so large that it must 
be accurately known and taken into account in all the above measure- 
ments. This resistance may be obtained from the table on p. 217 if 
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measure the smallest currents, as in testing the msulation of submarine 
cables and im observations upon animal and vegetable electrical currents. 
It has a large coil of many thousand turns of the finest copper wire, 
! Magnetic nee le which ts a piece of the hair-spring of a watch, 


finch in length. This carries a very small mirror and is sup- 
ported mside the coil by a fine silk thread. A rav of light is reflected 
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Fig. 149.—The tangent of an angle. Fic. 14).—The sine of an angle. 


from the mirror and shows as a white spot on a graduated scale 3 
feet away. When the light spot is at the zero mark the instrument 
is ready to measure currents. Within the ordinary limits of the seale 
the streneth of the current is directly proportional to the amount of 
deviation. The value of each subdivision on the seale is found in the 
same way as the value of each degree in the ordinary needle galvan- 
ometer, . ee | 
Tangent Galvanometers.—These are galvanometers mm which the 
strength of the current is proportional not to the number ol degrees a 
angular deviation, but to the tangent of the angle of deviation. A 
Feometric diagram (Fig. 149) will make this difference clear. ee 
The tangent of an angle is the length of a line drawn from one i | 
of the arc subtended by it. at a tangent to the curve (t- ¢., 404 sat 
anele to the racis “at that point), ancl contmucd until it intersects ae 
prolongation of the radius which forms the other side of the capes 
The angles represented im the diagram are 30 and 60) aS Re 
spectively. One is twice as great as the other im ised: © " 
$60 degrees which go to make up a circle, but the tangent of u ; ane . 
of 30 degrees is 0.5774 time the radius of the circle and that of GI ¢ Ry 
is about three times as great, or 1.7321 times the radius ot the ‘ ze = 
As the angle approaches 90 degrees, or a right angle, the Medi yer 
tangents vary even more rapilly. The tangent of 70 degrees 18 4.1460, 
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marked upon the scale . 
ealvanometer should not be more than jy or 7; as long as tl 
of the copper ring. 

The Sine Galvanometer.—This is a needle galvanometer by which 
the strength of the current is indicated by the sine of the angle of 
deviation instead of by the 
The sine of an angle or of an arc of a circle is the Ime drawn from one 
end of the arc perpendicularly to the radius which termimates in the 
other end of the are. In Fig. 150, a—-d is the ste of the angle 5 or of the 
arc a-¢, and if 6 1s an angle of 30 degrees, we should find from a table of 
sines that the sine is 0.5 the radius of the circle. In angular and cir- 
cular measurements the radius is always taken as 1 and so the sine 
of 30 degrees is 0.5. The «tne of 60 decrees is 0.8660. and the sine 
of 90 degrees is 1. In a sine galvanometer there is the usual magnetic 
needi¢ moving over a horizontal circle graduated mm degrees—360 
degrees in all. This circle and the magnetic needle are fastened at 
the eenter of a vertical rmg around which are several turns of heavy, 
mnsulated, copper wire, through which the current is to be passed. 
The whole is supported on the vertical axis of a horizontal circle, 
lorming its base and around which it can be turned. In measuring 
an electric current the vertical coil of wire is first placed in the plane 
of the meridian, and, therefore, parallel with the magnetic needle, the 
current is then turned on and the vertical coil is turned to a position 
parallel with the marnetic needle. The needle is now at a certain angle 
irom the north and south direction under the influence of a current 
which in this new position exerts its force at an exact right angle to the 
direction of the magnetic needle. The strength of the current under 
these conditions is proportional to the sine of the angle of deviation. 
rhe smin¢ galvanometer is suitable for very heavy currents. 

Se Phe tangent and sine galvanometers both give readings which give 
obtain adeclate ealcomparative strength of different. currents. “To 

S aesOite Values in amperes or milliamperes it is necessary to 
ivan pan cometagi of each instrument by experiment 

To A6at“the degree’ af acnsitivence of ane tyne cf Cake ae 
with any Pattee eins Fb eesiety eness of any type of galvanometer 
necessary to find the panies pret Spagna in the circuit it is only 
bon. An example of testing ingore, si Proc us one degree of deflec- 

| ASULTIB galvanometer with a single Daniell 
cell has already been shown. To test a tangent galvanometer by 
panans of a battery of 10 voltaic cells having an electromotive is 
known to be 10 volts, and a total resistance of 1X0 ohms in the complete 


number of decrees of circular measure. 
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[ he Scnsitiveness ot a sine galvanometer 1s found im a similar manner 
by taking the diffcrent 3. 

The divisions (itl the ecale ot the Thompson THTTror falvanometer 
are entircly arbitrary, but they may be considered in the same way as 
degrees Of an ordmary falvanometer, ancl the value of a deviation of one 
subdivision may be calculated from an observation made with any 
battery. The data required are the electromotive force, the total 
resistance, and the number of subdivisions of deviation. 

The Limits of Accuracy of Galvanometers.—The current strength 
as Indicated by a tangent palvanometer is more exactly proportional 
to the tangent of the angle of deviation when that angle is about 45 
degrees than when the angle is cither much larger or much smaller. 

With all galvanometers the more nearly an angle of 90 degrees 1s 
approached, the less relation there is between the current strength 
required to produce that degree of deflection and any geometric func- 
tion of the angle produced. In such a case either to measure the 
current or test the sensitiveness of the galvanometer it will be necessary 
to use a source of low potential or to shunt the galvanometer, so that 
only a small fraction of the current will pass through it. __ 

AnY falvanometer can he tested a8 To its degree of sensitiveness by 
placing it in the same circuit with a standard galvanometer and battery. 

Amperemeters or Ammeters and Milliamperemeters or Mill- 
ammeters.—These are galvanometers which are graduated by the 
manufacturer in amperes or milliamperes, instead of degrees. They 
are usually shunted, anc the rraduations on the scale indicate the total 
current through the galvanometer and its shunt. The sip seer Sieh 
ters sold for electrotherapy frequently have two or more shunts 0 
different resistance, and in this case there is a switch by which one oF 
the other can be introduced. Numbers to which the handle of the 
switch points indicate the number by which the dial number must 
multiplied to give the combined current through the milliampereme = 
and shunt. Thus, in one position of the switch the numbered divisions 
on the dial may indicate milliamperes and the ten subdivisions 2. ae 
represent tenths of a milliampere. The milliamperemeter may cans 
measure currents from 7, to 6 milliamperes. In another position a 
the switch {indicated by ‘ 10") the numbers on the dial are ee | 
tnultiplied by ten, and each numbered division represents 10 milllampltls 
while the rp subalivisions of each of these indicate milliamperes. shee 
Meter may then register from one to fifty milliamperes. In ano 
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rs described above 1s ihe one sclopted ah the author for the miilli- 
amperemeter which measures all the different currents applied to the 
patient from the voltare, faradic, de Watteville, and sinusoidal 
apparatus. It should be stated, however, that the galvanometet 
referred to is not of the magnetic needle type, but of the movable coil or 
d’Arsonval type. ; 

The d’*Arsonval Movable Coil Galvanometer (Figs. 151 and 15°). 
—This instrument consists of a poweriul permanent magnet and a 
freely suspended eo of tine wire through which the electric MUTTeN 
to be measured passes. The directive force is of the same nature as 


Fir. 152 


Figs. 151 and 152.—D’ Arsonval movable coil calvanometers. 


in the case of the mapnetic needle galvanometer; it tends to place the 
magnet and the coil at right angles to each other, and does so im this 
case by moving the coil. The two poles of the magnet are concave 
and close together, and enclose a cylindric space in which the coil is 
pivoted so as to be free to move in either direction, but always in the 
plane of the horseshoe magnet. The meter may be placed in any 
position, and this makes it very much more convenient than the mag- 
netic needle galvanometer. The movable coil is made of manv turns 
of fine insulated wire wrapped around a metallic framework and con- 
Tams & solt-rron core. The directive Influence becomes manifest the 
moment the current begins to traverse the turns of wire in the coil 
and % tends to place the coil at a night angle to the direction of the 
lines ‘of force in the magnetic field. This motion is opposed by the 
traction of the two spiral springs of zinc wire which, when no current is 
passing, keep the coil exactly parallel with the magnet, and the indicator 
needle carried by the coil exactly at the zero mark. 

_ A improvement over the two spiral traction springs consists in a 
single spring, like the hair-spring of a watch, coiled in a flat spiral. The 
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meter to the pa 
The directive Influence is almost entirely that of the permanent 
MmAgznet, and the movable coil 1s relativels Very little affect 
earth's magnetism. ‘This is the reazon that a d’ Are 
amperemeter works equally well in any position. 

he angle of deflecion 12 regulated by several iactore: the number 
of turns of wire and the strength of the current in the coil, i. ¢., one 
component of the directive influence of the current; the strength of the 
magnetic field, i. ¢.. the other component of the directive influence of 
the current: the increasing tension and traction of the spring on the 
side that the indicator moves away from and the dimimishing t raction 
of the spring on the side toward which the indicator moves. The size 
nd shape of the magnetic poles are auch that the strength of their 

wetion is the same in every part of the magnetic field that 1s occupied 
‘the coil in different positions. The directive influence ot the current 
in the positions to which the coll ts allowed to turn 1s such that the 
number of degrees in the angle of deviation tends tO Ene" proportional 
to the strencth of the current. The effect of the spiral spring varies 
at difierent positions of the indicator. With a muilliampere neter 
registering from 0 to 5 milliamperes, the space on the scale between 
0 and 1 is 14 times as long as the space between 4 and 9. , 

The currents induced in the metal framework upon which the coil 
is wound tend to make the d’Arsonval millamperemeter “dead-beat 
or to cause the indicator to promptly come to rest at the angle re 
deflection corresponding to the strength of the current. | Ar css thal 
hettor than if the madic: tor were to oscillate back and forth cy ron a 
point on the dial before gradually coming to rest. ” o> malizampente 
some slight oscillation even in a 30-called ‘‘dead-beat enfiaenee 
meter. The momentum acquired by the coil under the an eal and 
mutual attractions and repulsions between Is electric see an ‘the 
the magnetic forces of the permanent magnet Carry cut distance 
point where these forces hee orne nil, and even lor at re it chen 
bevond, where these forees oppose Its continued mo "Te a “deatl- 
CCA ere hi LVaAnce ancl moves in the opposite Soph nage proper 
beat” milliamperemeter the osc illations back and oe se | ) 
mark are slight and the needle quckly comes to rest. f eraduat- 
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There is only one convenient and reasonably accurate Way s = 
ing a d’Arsonval milliamperemeter, and that eal tn ; | 
with a standard milliamperemeter in the same circum. 








inmatrument, but designed 


indicating amperes instead 


of the different shunts in Yarying the multiplying 
power if the same as with the magnetic necdle galvanometer. 
The d'’Arsonval Voltmeter.—The voltmeter on the d’Arsonval 
orinciple is made in different sizes and shapes. One is like a watch 
has two terminals, one being a point which may be pressecl upon 
| the battery and the other an insulated wire leading to the 
battery. One of this size and shape is very con- 
testing YolLAL hatteries. EF aeh difterent cel] 


is way without disconnecting it at all from the rest of 


‘ries there is a switch-board wpon which are metal 


cal to the pol = of the different cells. anc it is simple 
necessary to touch these two contacts without opening the battery 
case at all. 

Still other batteries are more elaborately provided, and have double 


cell selectors by which the two poles of any individual cell, as well 
as of several cells, may be connected with a stat onary muilliamperemeter. 
In this case the cell selector ts applicd to the two contacts from the 
same cell: the terminals of the voltmeter are applied to the terminal 
binding-posts of the switch-board and the current is turned on. Each 
separate cell may be tested in this way or any number of the cells at 
onee, | 

When a voltmeter ts used to test a voltaie cell on open circuit. it 
means that the current is not allowed to pass in any other way. The 
poles of the cell may be disconnected from anything else, or if con- 
ducting cords are attached to the two poles, the other ends of the cords 
do not come together directly or through any other conductor. A 
battery of cells may be tested in the same way. The circuit is open 
until the voltmeter is applied to the positive pole of the cell at one end 
of the series, and the negative pole of the cell at the other end of the 
series. The voltmeter is in essence a galvanometer, and its deflection 
depends upon the strength of the current passing through it. As the 
voltmeter has a known resistance, the electromotive force can be cal- 


culated from Ohm's law E =7- lt is customary, however, to mark 


on the dial the deflections which indicate the different voltages, and 
these have usually been determined by the manufacturer by comparison 
with a standard instrument. The absolute standard of electromotive 
foree is obtained from a standard voltaic cell such as Clark's. The 
resistance of a voltmeter is usually a very large one compared with that 
of the normal circuit, 80 that the current is often but a fraction of the 
battery current when in actual use. Whether this resistance is all in 
the coils of the voltmeter, or whether it is partly in a shunt, depends 
upon the magnitude of the currents it is designed to measure. 

h oltmeters about as large as a watch are designed to measure bat- 
tenes with clectromotive forces up to three volts, and vielding currents 
up to about 30 amperes. They have subdivisions as fine as + volt, and 
are suitable for testing the electromotive force of single cells of any kind, 
especially wet or dry voltaic cells or storage-battery cells. The latter 
should be recharged before they have become entirely exhausted. To 
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Larger voltmeters for Measuring the electro- 
motive force Of powertul storace batteries with a 
potential all the way up to 110 volts. and yield- 
ing currents up to 20 amperes, are about 44 inches 
in diameter and proportionately thick and heavy. 
They look just like amperemeters, and have bind- 
Ing-posts to which wires from the poles of the bat- 
-are to be securely screwed. 
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is perfectly practicable im any case to meas- 
ure the electromotive force of a battery while in 
actual operation, and it is often very important to 
do so. The fact that the voltmeter has a very 
high relative resistance makes it transmit only an 
inconsiderable fraction of the current when it short 
circuits the entire apparatus by being placed di- 
rectly between the terminals or the two poles of the 
battery. 

The Electrodynamometer.—This is an instru- 
ment for measuring electric currents by the repul- 
sion that exists between currents of electricity 
passing in an opposite direction through two parallel 
wires or parallel parts of the same wire. The form 
Invented by Siemens consists of a vertical coil of 
heavy insulated wire W, and a single U-shaped 
Plece of wire tw’, suspended over this by a spiral 
spring with a knob, s, at the top, by which the 
wire loop can be turned m either direction later- 
ally. And this knob turns an Imdicator = over a Fig. 153. — Siemens’ 
Eraduated seale S. The wire w’ also carries an  electrodynamometer- 
indicator 2’, which passes over the scale S. The | + 
current enters the coil at a binding-post, K, and leaves the co 
where the other end of the wire dips into a vessel of mercury. — It then 
enters the single loop wu’, and leaves that at another vessel of mercury, 
from which again it passes by a short wire to another binding-pos 
where it leaves the meter. The adjustment of the different parts © 
such that when no current is passing, both indicators point to the zero 
mark on the scale. When the current is turned on, the suspended aR 
i” ia repelled and tends to be rotated and the knob s is to be tumet 
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sufficiently to make the action of the spiral spring keep the single loop 
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THE MEASUREMENT OF ELECTROMOTIVE FORCE 


Quadrant Electrometer.—The clectromotive foree of a single cell 
of a battery or generator of anv kind may be found by means of a 
quadrant electrometer, which 13 an instrument dependent upon the 


attraction and repulsion of two chareed bodies: attraction when the 


charges arc opposite, and repulsion when they are similar. A metallic 


disk is cut into four sections by two diameters at right angles to each 
other, and these sections are fastened on msulated glass supports so 
that they are all in the same plane, but are slightly separated from each 
other. Each quadrant Is connected with the one directly Opposite by 
a conducting wire. <A flat aluminum needle 1 suspended over these 
quadrants by a fine metal wire from the inner coat of an Inverted Leyden 
jar. The outer coat ot the Levden jar is rrounded, while ri | conducting 
ri makes it practicable to connect the inner coat with a source of 
electromotive force. The needle is to be adjusted so that when the 
necdle and all the quadrants are in the same electric state, the needle 
Is at rest above and parallel to one of the diametric slits between the 
quadrants. When the needle and one pair of quadrants are similarly 
charged and the other pair of quadrants are oppositely charged, the 
needle deviates from its original position. Each end of the needle 
tums away from the quadrant which is similarly charged and toward 
the quadrant which is oppositely charged. It takes a certain amount 
ot force to twist the wire by which the needle is suspended, and the 
extent to which the needle deviates is proportional to the electro- 
motive force. The deviation is so slight that it is best observed by the 
reflection from a tiny concave mirror fastened to the needle and focusing 
the light from a lamp upon a screen about a vard away. One pole of 
the standard battery is connected with one pair of these quadrants and 
with the internal coat of the Leyden jar. The other pole of the standard 
battery is connected with the other pair of quadrants, which must be kept 
insulated. A careful note is made of the degree of deflection produced; 
and then the effect of the unknown battery is tried. The electromotive 
force is proport ional to the degree of deflection. The instrument may 
be graduated in volts by the manufacturer or he may furnish a “con- 
stant’ from which the electromotive force indicated by anv degree of 
deflection may be ealeulated. E=d ™ constant (d being the number 
of degrees in the observed angle of deflection, the constant being the 
number of volts indicated by one degree of deflection and F the elec- 
tromotive foree of the cell). 7 

The Equal Deflection Method.—By this method we note the 
deflection in a milliamperemeter produced by a standard cell of known 
electromotive force through a certain resistance, and then substitute 
for the slandard cell the battery or other generator whose clectrome 
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nen testing the electromotive force of a large battery. and then the 


equation would read: 
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Usually, the adjustable resistances introduced in the external circuit 
are 50 large that It Is not necessary to take the internal resistance of 
the battery into account. Or, if it is considered, it will only be neces- 
sary to roughly estimate it. lt is necessary to know the resistance of 
the galvanometer and of the shunt if one is used. The conducting cords 
are supposed to be short and of ample size, so that their resistance 1s so 
small as not to affect the result. The resistance R’ is made up practi 
eally of the resistance of the galvanometer and the variable resistance 
in the resistance box. These standard resistances are explamed in 
detail under the heading of Wheatstone’s Bridge. They form a necessary 
part of any outfit for accurate electric testing. Thev are coils of wire 
of various resistanees which can be connected by the introduction of 
contact plugs or by a sliding contact so as to make readily available 
resistances from the very smallest to the largest. The various types 
of rheostat do not give a wide enough range or sufficient accuracy [or 
this work. = 

The Equal Resistance Method.—The standard cell is first con- 
nected with a fixed resistance and a milliamperemeter, and the strength 
of the current m milliamperes C’ is noted. Then the generator whose 
electromotive force is to be measured is substituted for the standard 
cell, and the number of milliamperes (* is noted. The eget 
force of the two generators 1s directly proportional to the cone 


in milliamperes; and E?= E’ cr 
ed * Ht ornal resistances 
A slight correction may have to be made for the interns aes 
of the two batteries, but this i not necessary ut se pas: large : 
(in the resistance box and galvanometer) 1s gel Sake ~nerator 
Lumsden’s Method.—The standard cell EF’ an + ee 


E? whose clectromotive force is to be measured are g-stk eo 
distance apart, and are connected with each other 50 85 $0 rahe second, 
series. The zinc of the first 15 connected with the evp Pes A cross line 
and again the zinc of the second with the copper of the gpl lahat eer shine 
passes from the middle of one connecting wire to the mud te: 
and any current in this cross wire passes through : ‘wire | f aml 

One of the main conducting paths (Fig. 154) 15 & aaa ne ot have to be 
proportions whose resistance 1 slight that 1¢ G0ts Bee 
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consioercd. Resistances nre placed in the other conducting pal I 
between the two batteries. One of them, R’, is ix tween tne standard 
battery and the point where the cross wire leaves the main wire. his 
has a fixed standard resistance so large In comparison with the internal 
resistances of the batteries that the latter may be disregarded. The 
other resistance R? between the generator whose electromotive force 
is to be measured and the attachment of the cross wire is obtained from 
a resistance box by means of which any required resistance, large or 

= | i 


a 
rb 


small, may be employed. The resistance R* 1 varied until 
vanometer, G, indicates that no current passes through the cross wire 
HK? 


ye a] a a i . : ay. @ 1 only - i 
A-B. Theelectromotive force of the renerator FE is then [?=— FE’ Re 
'b 


The reason for this is found in the fact that the influence of the 
electromotive foree E* tends to send a current through the main circuit 
in the direction of the large arrows, and through the derived circuit 

A-B, and tts galvanometer m the 

direction of the small arrows y, vy. 

The electromotive force, F’. sends a 

current m the same direction through 

the main circuit, but in the con- 

trary direction indicated by the small 

arrows x x, through the derived cir- 

cuit. The tendency on the part of 

a 1\* J the stronger battery to produce a 
ihn ~ TEs stronger current through the wire 

Fic, 154-—Lumaden’s wethodof (* 2 Bnd hence to produce a deflec- 
measuring for the electromotive forceof tion of the galvanometer is offset by 
a battery. varying the resistance R* This 

resistance affects the current from 
both electromotive forces in the main wire, but only that from the 
electromotive force E? in the derived cireuit A-B. The electromotive 
forces E’ and FP are found to be inversely proportional to the resistances 
K* and R? required to produce absence of current in the derived circuit 
and its galvanometer. All electric measurements are most accurate 
within certain limits, which depend on different conditions. The most 
accurate results by this method of measuring electromotive force are 
obtained with large resistances, but within the following limits. The 
resistance used with the weaker battery should be as high as it can 
be and still have a change of 1 ohm from its correct value produce 
@ readable deflection of the galvanometer. The resistance used with 
the stronger battery should not be so great that— 


sw 


By 
EC 


+ R,) excaads 


In the last fraction c is the figure of merit of the galvanometer, or the 
resistance through which an electromotive force of a Daniell cell (or 
practically 1.10 volts) will produce s deflection of one degree; and 
E? is the voltage of the stronger battery. 

_ Law's Method of Condenser Discharges.—The amount of elec- 
tricity with which a condenser of a certain capacity can be charged 
varies directly with the electromotive power. Fig. 155 shows the general 
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may he designated As > joOnms}. Then, oe [et Ms : 
= 

lf the weaker generator 15 a standard cell with a known electromotive 

force, and the jomt resistance m the galvanometer and its shunt is so 


large that the mternal resistances of either battery need not be taken 


Fig. 155.—Measuring electromotive force by condenser discharges. 


into account, then the electromotive force of the sate hb atte porate 
equal to that of the smaller battery multiplied by the multuplying powe 
of the shunt emploved. oF , Rae 
° : ar, = a ‘2 aller the wt Of the 
If the electromotive foree to be tested 1s ain ue : sted first 
standard cell, the unknown electromotive force ¥v oul we ov is 
without shunting the ralvanometer. And then the sa r a a | The 
he suhatituted and a0 shunted a5 TO produce ihe ae fie 1 by dividing 
small unknown electromotive force would then me multiplying 
the numoer ol volts produced bv the standard cel * Tie | = 
power ot the shunt employed with the Lavter. han with each of the 
If it proves necessary OF desirable to use ore] » two generators are 
two generators, then the electromotive forces 0 ee vidual shunts 
directly proportional to the multiplying powers O° ©" | 
used with them. - ariahle shunts only in 4 sche- 
The diagram (Fig. 155) shows th i ves be used to furnish the 
matic War. In reality fi resistance hae Wi) 


* . : - 4 ¢.. hese measurements. See 
wide range of resistances required for these possesses of storing up 


. » condenser : | abe 
The well-known property W hich a cones e by this method accu 

large oie ae clectaetty oe : 0 that a continuous eurrent 
ey patty a wmotive forces 30 Sil: < Sai 1eAsure= 

rately to 1 ire electromotive fore 2m sroduce a mez 

shstegh: oa aariie sensitive galvanometer ecm, 

able deflection. 














j 1 4 en as i} & 
MEDICAL ELECTRIC: wD RONTG He 


ELECTRIC RESISTANCES AND MEASUREMENIS 
FLECTRIC MEASUREMENTS 


General Considerations.— sources oF el otricity ake 
by which an electromotive force 1s produced, OF a clifts rence 
created between two poms. This 1 KNOW nso 24 
current and is expressed in volts. It produces a 
the two points. The current ha 

r equalizing the eleetri 


. 
water iro 


aITL rensian oO] 
flow of elec 


any conductor uniting 


through one ie 
tendency to establish a neutral condition ah de h. 
state of the two pomts, and if analogous to the flow o 
higher to a lower level. : " : : ahs 
the strength of the current, 1s called its intensity, and & 
the current & 
the resistance 


The amount of electricity transferred in 
second 15 rn | : 
expressed Inamperes. The rate of flow or the Intensity oO 
determined hy two factors—the tension of the current and ' 
of the conductor. It is directly proportional to the tension or voltage, 
so that if the voltage i twice aS great, twice as many amperes olf current 
will tow through the same resistance. It 1s inversely pr portional 
to the resistance, so that if the resistance is twice as great, the same 
number of volts will cause only half the number of amperes to flow. 


All substances will transmit electricity, but some do so with so little 
resistance that they are called conductors, and are used for the purpose 
of transmitting electricity. Other substances are poor conductors. 
Still others are such poor conductors of electricity that thev are called 
non-conductors, and are used as a means of msulatme bodies which are 
charged with electricity or which are conducting an electric current. 

In the case of a very good conductor, like copper wire, there is. 
nevertheless, a certam amount of resistance, and a certain proporti im of 
the current seeking to pass through it is changed into heat by an effect 
analogous to that of mechanic friction. This resistance increases in 
proportion to the length of the wire and in proportion to its fineness. 
A fine wire presents 4 greater resistance than a coarse wire. A pound of 
copper in the form of a short bar may present very little resistance, while 
the same amount of copper drawn out into a long fine wire will present 
preat resistance. The conductivity of any particular metal is always 
the same under similar circumstances, and is in inverse proportion to 
lis resistance. The ecreater the conductivity of a metal the less resist- 
ance will be offered by a given length and thickness. The conduc- 
tivity of different metals and these are mentioned because they are 
the best conductors is found by measuring the current in amperes 
Which will pass through a standard leneth and thickness of a metal 
when connected with a source of the same potential that was employed 
in measuring the conductivity of the metal which is taken as a standard. 
The ohm as an absolute standard of electric resistance is the resistance 
at a temperature of 32° F. of a column of mercury one square millimeter 
i coasetpn and 108.3 ca log. The coulomb ae an abst 
elton of : erties Pays se he ! “e aban Ey ¥ which when paissed through 
silver to be de ates i : Tl bdseclate ut cause 1.118 milligrams of metallic 
Or intensity Segre eS gat as 3 absolute unit of current flow 
aire 5S onpauks coe coe orn per second. | r he volt ts not an 
motive foree which will cause = ae ul or tension; If Is an electro- 

: Pause A current of one ampere to flow through 


& resistance of one chm. A Daniell c 
| | . 4 iniell cell produces an elect nike 
foree of about 1.08 volts. I [romotive 





Intensity of the current m AMperces 1s equal fo the 
ive force in volts, divided ly the resistanee in ohms. LIne 
1: ples ihe bw riven. 

ive force is 110 volts and the resistance 10 ohms, 


hk L | AM Peres: 


Lit 
7 Ll smperes. 


If the resistance is 1 ohm and the mtensity or strength of current 


fow is 10 amperes, the potential or tension 1s 10 volts: 


E = CR: ES lob Uw ~ «1h =) «610 volts. 
If the intensity or rate of current flow is 15 milhamperes 43, of 
ampere, Or O.015 aAMpere, and the electromotive force, or tension, or 
tial is 7 volts, then the resistance 1s: 


R = —— = 466.666 ohm: 
OL 

Values of R, E, and C, about like those im the last example, are 
found in the application of the voltaic current to the human body. 
The values in the first example, 110 volts, ete., are like those sometimes 
found in x-ray work; and those in the second example, 10 volts, 10 
amperes, and 1 ohm, are like those occurring in the use of the galvano- 
cautery. 

These relations are universally true, although either E or RK may be 
4 composite instead of a simple quantity. The measurement 01 electric 
quantities, strength of current, potential, or resistance almost invariably 
depends upon the application of this law: and the construction of all 
electric apparatus is guided by it. : 

The voltameter is an instrument by which the quantity ol elec- 
tricity which has fowed in a given time is measured by the increase in 
weight of a silver plate from the deposit of metallic silver upon It. 
This instrument is really a measurer of coulombs, because the number 
of grains of silver deposited is the same for the same number of cou- 
lombs whether 'the current is at the rate of 1 coulomb per second or I 
coulomb per minute; that is, 1 ampere, or zy ampere. 

One coulomb liberates 12 ce. of hydrogen gas. A water voltameter 
may be graduated in cubic centimeters, or directly in coulombs. 

The watt is a unit of electric power and 15 the power exerted by a 
current of 1 ampere with a pressure of I volt. A 44 kilowatt transtormet 
is one actuated by a current of 4500 watts, and this may mean 100 volts 
and 45 amperes: or any numbers the product of which will be 4500. 

The wattmeter is designed to measure the power consumed In any 
apparatua through which an electric current, especially an alternating 
current, is passing. In the case of a direct and uninterrupted current 

known and constant voltage and amperage passing through an 
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dynamometer (p. 187). (Une wire col , 
resistance, and is connected in shunt he apparatus, while anothe 


high 
| ) heer 
separate coil of wire is connected in series with the apparatus. One of 
these coils is fixed in position, while the other ts suspended m such 
a way that its turns are normally parallel with those of the fixed col, 
The flow of the curren uses a repulsion between these two coils, and 


is turned until the eos are 


> knoh at the ton of the suspension more 
brought to a state of parallelism. The dial wpon which the knob is 


tance 


turned may be graduated in watts. The current in the high resis 
coil is proportional to the difference in voltage at its two extremities, 
and the amount of torque or toreion of the aus pension cord required to 
overcome the repulsion between the two currents is proportional to 
the product of the two currents. The torsion is, therefore, proportional 
to the voltage multiplied by the current passing through the apparatus 
LO be tested. 

The galvanometer is an instrument depending upon the deviation 
of 4 magnetic needle or of a freely suspended active coil under the 
directive influence of a current of electricity and a fixed permanent 
magnet. The graduations upon the dial mdicate the position of the 
needle when there is a current strength of such and such numbers of 
amperes, a5 determmed by direct or indirect comparison with a voltam- 
eter. The galvanometer is a measurer of amperes. The current 
strength or the number of coulombs per second has everything to do 
with the figures which it indicates. One coulomb per minute flowing 
for ive mmutes will not give at all the same deviation of the needle as 
| coulomb per second flowing for five seconds. The first strength of 
current would be indicated as 2, ampere, and the second as 1 ampere. 
In fact, the instrument is usually called an amperemeter or a milli- 
amperemeter, according to whether its graduations indicate amperes 
or thousandth parts of am ampere. | 

I'he voltmeter is similar m construction to a galvanometer, but has 
a great many turns of fine wire, and thus presents in itself a great resist- 
ance to the passage of an electric current. The needle swings over a 
dial the graduations on which indicate volts. These figures may be 
obtamed in two different Waves: one i by the use of a standard source 
of electromotive force, such as the Clark voltaic cell, which is known to 
five just exactly 1.434 volts. The other method & by using a gal- 
Vanometer in cireuit with the voltmeter. The resistance of both 
Instruments must be found either by test or by calculation (the resist- 
ance of so many feet of copper wire of such asize). If the galvanometer 
shows that « current of 10 amperes is flowing and the resistance is known 
to be 11 ohms, then there is a tension of 110 volts, and the Place on the 
dial of the voltmeter to which the needle has deviated would be marked 
110 volts. <A voltmeter is usually placed not in series with the other 
apparatus or with the patient, but is connected directly with the two 
terminals from which the current is distributed. ‘he amount of 
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its needle indicates the potential in volta. The needie 
ornding to the strength of the current or the number 
through the uniform resistance of the lar nutiher 

sich voltmeter, and, according to Ohm's law, thy ‘Une 

at ist Ibe clire ‘tly proportional to the number of yw lta 

sistance is uniform. If the voltage is uniform, as in th, 

liievolt electric-hghting current, there is no nem to have 
voltmeter: an An pPCremcter & requir d to show the streneth of the 


LUTTenot. ar) ineclirect Lv the resistance im thi clreuit t hie wi lis ofr 
= . } raed an tories ; x =’ bl Hine 
L the resistance are DOLD UNnIOrM and are EnOWh, Nel 


nor AM pPCremecer is required ; Lhe current streneth 1 unife 


fit voltmeter 
mere Tm, and can be 
calculated [rom the other two tactors. li the voltage is Variable but 


i a ki oh nt, x a : b| nate Tas - : | 
the resistance uniiorm, aA Slingziec Instrument, the reel; 


: | I eLill Ee ce Meter, 
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as a voltmeter. Iwo sets of figures would appear upon 


ul. the Outer ST Indicating volts and the inner set ampercs, Such 
eter would give a correct reading in amperes in any circuit, but its 
reading in volts would be correct only In a circuit having exactly the 
eqime resistance as the one for which it was originally tested and rradd- 
ated. A separate voltmeter having im itself a large resistance may he 
laced between the terminals leading to any circuit, and will give correct 
readings. It is almost mdispensable when the current is derived from 
a variable source of electromotive forec, and when the resistance in the 
circult 1s also variable. 

Dynamic electricity or electricity in the form of a current, as derived 
directly irom a voltaic battery, a storage battery, or a dynamo, will 
follow two or more conducting paths between the termmals of the 
battery In Inverse proportion to the resistance in the different paths. 
Thus, if there 1s a battery of storage-cells with an electromotive force of 
30 volts and two separate lines of wire and apparatus connected with 
its terminals: if the two circuits have the same resistance, the same 
strength of current will flow through each, while 1f one has a bundred 
times the resistance of the other, only one one-hundredth as much cur- 
rent will pass through it as through the circuit with less resistance. This 
rule about the relative strength of current carried by branching circuits 
is perfectly simple and straightforward. It forms the basis for the 
employment of the Wheatstone bridge in measuring the resistance of a 
conductor. 

The Wheatstone bridge is an arrangement of conducting wires, 
resistance coils, and a galvanometer through which a current of elec- 
tricity is sent from a suitable battery. The current may follow two 
paths, in one of which different carefully tested resistances are Intro- 
duced, and in the other is introduced the resistance which is to be meas- 
ured. The word bridge has reference to the position of the galvanometer 
In relation with these two cireuits. The galvanometer is inserted in 4 
line which bridges across between the two cireuits, and a current flows 
through it from the circuit in which there is the least tensron.— We 
might use the face of a clock as a diagram to illustrate the principle of 
the Wheatstone bridge. Twelve o'clock would indicate the pomt at 
Which the positive wire from the battery is connected with the wire clr- 
cuit, and 6 o'clock the connection with the negative wire. The current 

Passes between these points along two different paths: down along the 
right-hand margin and down along the left-hand margin of thedial. At the 
center of the clock face is the galvanometer, whose wires pass from 
the 3 to the Po'clock mark. When the conditions are the same at thease 
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) marks, no current passes through the galvanomet » Dat when 

i stronger current in consequence of a greater potential at 4 
in at 9, the ealvanon ter will show that a current i p ie through 
‘om the 3 to the 0 o'clock mark. The resistance to be measured 1s 
oduemd at 1 o'clock, and the different standard resistances are 

“duced at Il o'clock. The latter resistances are imecressed or 

liminished until they are equal to the rm sistance to be measured, just 
standard weights are used to weigh an object. si barb A baxce 

. two resistances is indicated when no current passes thro the 

lOMLCTECE. 

Another method of measurmg an unknown resistance is by the use 
of a voltmeter and an amperemeter, as already indicated at p. 193. 
The resistance in sine is equal to the voltage divided by the amperage. 

The Potentiometer.—The same balancing of electromotive force 
acting In opposite directions upon a galvanometer forms the basis of 
the pote ntiometer. This is an instrument for measu ring elec stromotiye 
force not based upon the strength of current which it will send through 
a known resistance, as in the case of the v oltineter r, but by ay pposin; ng it 
to known standard electromot tive forces until the absence of a current 
through the galvanometer indicates equality between the two electro- 
motive forces. 

A Clark’s cell 1s a usual standard for measurements of electromotive 
force. 

The current strength or number of amperes produced by a voltaic 
battery 1s equal to the electromotive force of the battery divided by 
the entire resistance m the circuit. This resistance is made up of the 
internal resistance in the battery self and the external resistance found 
In every fas iri of the cine uit. from OTe termin: “| cot the hatte rv i the other. 
including conducting cords, me asuring and regulating apparatus, and 
the patient’s body in electrotherapy. 

The internal resistance is very important In the case of a voltaic or 
a storage battery. Quite a little calculation is sometimes necessary to 
decide how to set up a batte ry of either of these Uy Paes $0 As TO produce 
the greatest number of amperes of current. Setting up these cells in 
Series, Positive terminal of one connected with the negative of the next, 
multiplies the electromotive foree of each cell by the number of cells, 
but it also multiplies the internal resistance of one cell by the number 
of cells. Setting them up in parallel, the positive termimals of all the 
cells united to one common conducting cord and the negatives all united 
to the other divides the mternal resistance of one cell by the number of 
cells, but leaves the electromotive force of the battery equal only to 
that of a single cell. Connection m parallel Series multiplies the elec i 
tromotive force and the internal resistance of one cell by the number of 
cells in each series, but modifies the result by also dividing the internal 
resistance by the number of parallel serics. When the external resist- 
ance is very great, as in the ease of the human body, the greatest 
strength of current ts produced by setting up the battery in series. The 
electromotive force is inercased in proportion to the number of cells, 
while the additional internal resistance may perhaps add only 1 or 2 
per cent. to the total resistance. The current strength in amperes is 

then almost exactly proportional to the number of cells in the series. 

In other cases, as for most cautery purposes, It is desired to send a 

‘number of amperes through a small external resistance, and here 
she silditional electromotive force of a series battery would be offset 
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s increased internal resistance. An increased current would he ob. 
by parallel connection, diminishing the mternal resistance 


; and 
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mber of cells. while the clectromotive forre TEMAS Unchane (| 
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LUMInAtIOn and running motors for different ann 
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cular case the total resistance 1 almost in inverse 
: | 


Or CLIAGTIOSLIC 
an for cle trolysis and lor some cautery purposes the combined parallel 
eories commection © the best. 

The general law governing the arrangement of a voltaic or a storage 
battery is that the greatest current 1s obtained when the conditions are 
such that the Internal and external resistances are equal. 

In the case of a dynamo, the electromotive force is usually so great 
In proportion to the internal resistance that very often the only electro- 
motive force to be considered 1s the voltage at the two terminals of the 
dynamo, and the only resistance to be considered is that in the external 
Circuit. 

Rheostat.—The regulation of the current from a voltaic battery for 
therapeutic application may often be accomplished by selecting the 
proper number and arrangement of cells employed, but a rheostat or 
adjustable resistance is an invaluable addition. It is often necessary 
to use heavy currents which are free from any discomfort when turned 
on and off very gradually, but which produce disagreeable shocks if 
suddenly Increased or diminished. A suitable rheostat enables one to 
change the strength of the current more gradually than any cell selector. 
The employment of the powerful and sometimes even dangerous current 
from a dynamo requires the use of a rheostat or of a volt controller to 
reduce the amperage or the voltage of the current before 1t can be applied 
to the human body at all. Here the rheostat 1s used not only to turn 
the current on and off gradually, but also to limit the amount which 
ean reach the patient. There is no convenient means of regulating 
the power of the dynamo to the requirements of each therapeutic 
application, and so different instruments are employed to modify the 
current before it reaches the patient. 

The principle of the rheostal is exceedingly simple. The wire leadmg 
to the patient is cut, and between the two cut ends is fastened a variable 
resistance. This may consist of a vessel of water into which dip two 
wedge-shaped pieces of carbon or some other conductor. The carbons 
are connected with the two cut ends of the wire, and the current encoun- 
ters a greater resistance when they dip slightly into the liquid, and a 
smaller resistance when the surface of contact is increased by dipping 
the triangular carbons deep into the liquid. Other rheostats consist 0 
strips of graphite inlaid in hard rubber, a sliding contact determining 
the leneth of graphite through which the current must pass. Others 
are made of coils of wire or metal mbbons of a materia like Iron oF 
German silver, long and thim enough to present the requisite amount 
of resistance. The length of resisting medium through which the current 

must pass is regulated by means of a sliding contact. Stull another 
rheostat depends upon the fact that a change in the conductivity of 
carbon takes place under varying degrees of pressure. Turning 4 

thumb-serew in one direction or the other increases or diminishes the 

resistance. 

The liquid, the carbon compression, and the graphite rheostals are 
seldom used except for lighter electrotherapeutic currents, and the 
wire and the ribbon rheostats are necessary for the heavier currents 
required to operate motors and z-ray coils, A simple and effective 
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rhenatat me formed hy one ofr more incandescent electri lnm ps Arrange: dl 
in series so that the lamp and the electrotherapeutic apparatus form a 


ingle continuous circuit. No matter how lttle resistance there may 
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he in the rest of the circuit, a 16-candle-power lamp limits the strength 
of the current to about } ampere. 

A rheostat may consist of one or more incandescent electric lampa 
arranged in series, so that the lamps and the clectrotherapeutic apparatus 
form a single continuous circu A series of lamps will limit the 
CUrrent tO AnV amall fraction OL An TEL OCT’ that TELE he desired. while 
a number of lamps arranged in parallel will permit the passage of as 
creat a number of amperes as may be desired, for stance, for chargmg 
a storage battery. 

The amount of current which will pass through a series of resistances 
is equal to the electromotive force divided by the sum of all the resist- 
ances. When, however, these resistances are arranged so as to form 
parallel paths for the current, the conditions are practically reversed. 
The amount of current which will pass is equal to the sum of the currents 
which the different paths would transmit separately ; so that in the Case 
of the 110-volt. electric-lightmg current which is supplied by a constant 
potential dynamo, a series of 20 16-candle-power lamps will transmit 
a& current of about yy ampere; while the same 20 lamps arranged in 
parallel would transmit about 10 amperes. 

Very greal resistances which are easily varied may be obtained by 
drawing several parallel lines with India nk upon strong drawing paper. 
These are close together, but of decreasing length. A metal clamp 
touches all the lines at one end, and a metal contact may touch from one 
to all of these lines according to where itisapphed. Hesistances varying 
from 0.01 to 20,000. meg-ohms are obtained in this way. The current 
transmitted varies from 0.4 ma. downward.! 

The volt controller or reducer of potential depends on an entirely 
different principle. The electric current flows through a circuit from a 
region of high potential to one of low potential, very much as water 
flows through a tube from a high to a low level. If the electric circuit 
is made up of a single long wire having a uniform resistance throughout, 
there will be a uniform fall in pressure all along the line. Ii the differ- 
ence in level between two points along the line is a certaim fraction of the 
difference in level between the ends of the line, the difference in pressure 
between these two points will be the same fraction of the difference in 
pressure between the ends of the line. For example, if the difference 
In potential between the two poles of the dynamo is 110 volts, the differ- 
ence in potential between one pole of the dynamo and a point half-way 
along the resistance will be only 55 volts. This means that a voltmeter 
connected with one pole of the dynamo and a point half-way along the 
external resistance would register a tension of 55 volts. An Apparatus 
connected with these two points would receive a current the strength of 
which would be found by dividing 55 volts by the resistance of the 
apparatus in accordance with Olhim’s law. The same 55 volts potential 
ean be obtained by making the connection with two points anywhere 
along the main lime, providing that half the resistance in the main line 
included between these two points. Any fraction of the original 

110 volts may be obtained by connecting the apparatus at points along 
the main line which include between them the required fraction of the 
resistance in the main line. The volt controller is an apparatus for 
iF. A. Aust, Phys. Zeitechr., 12, 1911, 742. 
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regulating the voltage supplied to nf medical Apparatus bry Connecting 
with Paints alone the TYUIIEt lime between vw beh i variable [x rlLicn of 
the resistance in the main line may be included. The resistance in the 
main line consists chicily of a regiztance coil in the volt controller itself 
nad the COnCaACETS Are mace iby Mmoring & contact Spring 
different turns of wire. If both terminals of the medical apparatus are 
> contact with the same turn of wire in the volt controller, there wil] 


ana Tie Bayer ait 


he no difference in potential, the voltage in the therapeutic apparatus 
will be zero, and no current ll How through it. Moving the COTE et 
o different pnts SO iS tal embrace more and more of the r sistance 
Th the main line, the potential supplred Lo tie medical apparatus mar 
«varied from 1 up to 110 volts | Fig. lob). : 
A shunt circuit has many important applications im electrothera- 
DOULles besides that of a volt eontroller. It te “4 conducting circuit 
joining two points In a conductor through which a portion of the current 
may pass. “The intensity OF APE of the current through the two 
conducting pat hs 15 In Inverse pr Porth in to the resistances in the two. 


lf one has a hundred times the resistance of the other, only one one- 


10 Volt | 3 110 VolF 


Patient @ Fatienl 
A 


15h.—A ie the most common connection, but Bb preferable. “A, Weston mil- 
lameter connected with A, l and 2, will ahow more or [mnest current according to postion 
ef BR. When it is connected with B, 1 and 2, the position of R will not change number 
of milliamperes, showing that B is a volt selector, and not a rheostat. 


hundredth part Ss much current will pass through it Hy ba through the 
other parallel path, with less resistance. The tension or voltage at 
two points of junction is the same for both circutts, and the strengt 
of the current in each is absolutely regulated by the resistance. | “+h 
Another important application of the shunt 1 In connection ™ it 
the galvanometer or amperemeter. The heavy currents used for care 
coils would quickly heat up and destroy the fine wire m 4 galvanometer 
and, besides the Injury to the meter, its resistance would occasion x 
great waste of power. And then, again, the directive influence of ue 
a powerful current passing through the many turns of an ampere mi 
would be entirely too great for practical purposes. AEs purer 
deviation would be produced by the weakest current ever empl) 


for such purposes, and one could not read on the meter the different 
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additional strengths of current. In fact. an instrument of this kind 
Is <4} cli licate Ln construction Tite An Sen=i1live to the directive mhvuence 
f the current that it is fitted to transmit milliamperes or thousandths 
pere rather than whole amperes. To fit it for the mensure- 

ol currents Varving from |] , 45 


placed in shunt. A metal strip passes directly from one bindlin g- post 


A! amperes, the amperemeter 
of the amperemeter to the other, and a very large portion of the current 
PSSes TRPOUsh COIs, Whe A Very small Porton passes through the 
winding of the amperemeter. The exact fractions of the current passing 
by these tywe different Pat ns between the posit ive ANC nerative bincding- 
Posts Are determined by the wi ry srr] AMOUNT. of resistance inl the 
metal strip and the Very large AMOUnt of resistance in the non Duis 
of fine wire in the winding of the falvanometer. 

Another type of amperemeter for hi aV¥ currents has only a very 
few turns, or possibly a single tum, or even a straight bar in tle 
with a movable magnetic needle. It is for currents of such great amper. 
are that if LS mot NeCCssary Lip multiply their directive influence. in 
the ordinary galvanometer. These are not, however, the currents 
emploved in electrotherapeutics, but those emploved in the transmission 
of Dower, hundre Is OF EVen thousands ot horse-power, 

The voltage and amperage of electricity from different sources, and 
as used for different purposes, differs very widely. A single voltaic 
cell has an electromotive force of about 14 volts, differmg somewhat 
according to the electrodes and electrolyte employed in its construction. 
The amperage of the current from a single voltaic ecll varies from a 
maximum of about 30 amperes on short-circuit to a minimum when 
there is very great resistance in the external circuit. A battery or any 
other source of electric current is said to be short-circuited when the 
two terminals are united by a short length of a good conductor; in other 
words, when the external circuit has practical] ¥ no resistance. Under 
these circumstances the number of amperes of current will be found to 
vary decidedly with the size and character of the cell. Theoretically, 
the amperage in this case would be found by dividing the electromotive 
force in volts by the internal resistance in ohms. The result will he 
from a small fraction of an ampere to 20 or 30 amperes, according to the 
type and size of the different voltaic cells in ordinary uee. The larger 
the surface of zine exposed to contact with the electrolyte, the less the 
internal resistance, and consequently the greater the current strength. 

When the current from a single voltaic cell is applied to the human 
body, on the other hand, the external resistance becomes about L000 
ohms, and is so very much freater than the mternal resistance that it 
forms the only considerable factor in the calculation of the current 
strength. The current strength will be about 1.5 milliamperes (14 volts 
divided by about 1000 ohms), and it will not varv appreciably with 
the size of the voltaic cell. It would vary, of course, with different 
types of cell with different electromotive forees. A current of this 
Voltage and amperage can hardly be detected when applied to the 
unbroken skin of the hand: but when applied to more sensitive parts, 
such as the teeth. it is readily perceived, and any st ronger current is 
painful. Such a current produces scarcely a visible spark when the 
contact is made or broken. It may produce electrolysis or chemie 
decomposition in a solution through which it passes. The same voltage 
applied to a small electric lamp, like that of a cystoscope, will slightly 
heat its filament, and here the size of the voltaic cell will have a great 
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min} rite of direct ele frodierd melts applications An AMPperce 
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a current from voltaic cells, several of them 
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rill out [ik 


(Seb Up In series, so as to secure ther combined ele tromotie 


Che current strength or amperage is approximately multiplied 


hy the number of cells: for though their internal resistance is alsin 


multiplied, the latter resistance is very small as compared with the 


resistance of the human body. <A current of this strength produces ao 
sensation and other physiologic effects wherever appli d. It will 
produce, however, only a very small spark on making or breaking the 
circuit, and for application to the human body large or small cells will 
nroduee an equal current. The same 10 cells with their 15 volts poten- 
tial Will pr duce excellent lighting rate heating eflects: in fact. this 
voltage Is more than sufficient for endoscopic lamps and cautery points. 
For cautery purposes especially, the cells should be large, as from 10 to 
20 amperes of current are usually required. Or the series may consist 
of a number of parallel sets of smaller cells. 

The heavier currentsfor z-ray. work may also be obtamed froma voltaic 
battery or from a storage battery. In etther case the cells are arranged 
in series to produce a potential of 10 or 12 volts, and the cells should 
either be large enough to yield about 10 amperes, or else two or more 
in parallel will have to take the place of each one im the series. : 

Arc-lamps and electric motors may be run by currents from 4 voltaic 
battery. The lamp requires 50 to 100 volts and 5 to 50 amperes. 
Both this and the electric motor are much more economically and 
conveniently run by a current from a dynamo than from a voltaic 
battery. - 

The 110-volt direct current from a dynamo gives one a disagreeable 
shock when any part of the body 1s introduced into the circuit, ior 
Instance, by touching the fingers to two bare bind-posts to see whether 
there is any current. It will are across a considerable fraction of an 
inch at the break, and if it is turned on and off by a key, this should 
have a spring producing a quick break. This is to prevent the for- 
mation of an are, which would occur if the two contact surlaces were 
slowly separated, An are would melt and ruin the contact suriaces. 
The 110-volt direet current will not spontaneously leap across 3 ats 
of even an eighth of an inch, and any good insulation, such as 8 aye 
of futta-percha “anh eighth of an meh thick, covered by Fa braided fabric 
of silk or cotton, will prevent the current from escaping troll oeThis is 
to the other. even if the covered wires are twisted together. ey 
often done for convenience, so as to be handled like a single cord, a . 
even single cords of gutta-percha about half an inch in diameter oy 
made, inclosing both wires. The fact that such an eesti? 7s rae 
eventually become cracked and porous m spots does not mean t acs 
current will necessarily leap across at such a point. Even 4 P-able 
covering will suffice as long as the two wires are held at an appre @2 to 
distance from each other, and no good conductor extends from ‘ee , 
the other. This current may be short-cireuited by cutting & CuME® 
double conducting cord with a penknife. Both ie tapeara. ave the 
cut through, and the steel coming in contact with both wires allows SiS 
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eh the very small resistance of the 
The reault a startling. suriel Pri tk chisgatrous. An 
itary ly strong CUITCnt Passes ACKORS t ibs ermnt| Ser, curitl LPe THE Ti- 


neat w Penerated, burning apiece out of the knife-blade. nat 


¥ fusing, but vaporizing, the steel. The wires at thie point sre 
ved in the same way, and the safety fuses all along the line are 
dout. This brings the flow of electricity to an end. and saves the 
from being sct on fire. The wires throughout the house would fet so 
rom the passage of a short-circuited 110-volt current that in a few 
minutes they would set fire to the woodwork. The same undesirable 
experiment may hee Misale ny holding ch knife or a ki v arainst cht OX TH auc 
peal os of the two w Irets, or the metal parts of motor, or 4 switeh. or the 
terminals of a coil. The same thing may happen from one of the wires 
becoming loosened in some Way, and its bare end coming in contact 
with the bare end of the other wire. or with some metallic part of the 
apparatus connected with the other wire. About almost every clectric 
apparatus to be nun by the 110-volt current there are portions exposed 
to the possibility of short-circuit. Such portions, switches especially, 
shouled he separated from LILY’ inflammable SLPUClire by a marble OF 
slate base. Do not bring any metallic object near any exposed part 
of the wire or apparatus, and in making the necessary adjustment of 
switches and rheostats touch only the insulated handle provided for 
that purpose. 

A Current of this voltage will PASS Across a considerable space if the 
contact 1s once made, and there is so little resistance in the circuit as 
to permit the flow of a large number of amperes, and the contact is 
slowly broken. This is the principle upon which an electric are is 
produced. The same voltage is not apt to cross even a small space 
before the contact is made. and a Very slicht imperfecti Tl in the contact 
May prevent the current from DASSIN EY. There are twn reasons. there- 
fore, for having the Wires soldered together et every permanent joint 
all along the line. An Incomplete eonneetion micht emher prevent 
the current from passing or the wires might separate during the flow of 
the current, and the resulting arc set fre to woodwork OF OAS. 

The wiring for an installation using the 110-volt direct current should 
comply with the rerulations of the U. S. National Board of Fire Under- 
writers in order to be safe from risk of fire, and it then does not add 
anything to the cost of fire insurance. In many places it 1s a criminal 
offense to turn on the current at all until the wiring has been inspected 
and found to comply with these regulations. A pair of No. 14 copper 
wires are suitable for one to eight incandescent lamps. An r-ray 
apparatus should always have its own pair of wires leading from the 
mains, and not tapped for lamps or any other apparatus. They should 
be a pair of No. 10 wires. This is also the proper size for the powerful 
are-lights employed for photothera py. 

Electric-light and Power Service.—The commercial arrangement 
for Fenerating direct current for electric-lheht and power Service In 
cities is usually as follows: Two 110-volt dynamos are connected in 
series; this gives a three-wire distribution service. The middle wire 
is called the neutral one. If the house is to be supplied with 110 volts, 
then the three wires are brought into the basement and connected with 
the meter. In order to obtain a 110-volt current, connections are made 
with the n ‘utral and one outside wire. If a 220-volt current is desired, 
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In, it 1s always well to see that the 


blocks and fuses are put in a convenient place. eo that in case 


n accident a fuse can be easily replaced. As a rule, contractors cio 
Ture OF PUTLINE in a main switch, but it 6 advisable to } | 


(or , anil alse La? 


In having electric service put 


: . = : = ave this 
it ave it placed In circuit before the current enters the 
meter. — The particular silvantage of this is that in case vou 70 away 
for any length of time, the current is absolutely shut off from the meter 
ana the rest of the house. As long as the meter is connected with the 
service, It 1s consuming a small amount of current; this usually amounts 
to about oU to 40) cents a month. Another advantage of the switch is 
that if be wish to make any changes, you can open this main line 
ewitch, being absolutely certain of not being injured hv an accidental 
short-circuit. 

A “flush receptacle” should be used for a Cooper Hewitt lamp or 
for a negative examining box with several meandescent lamps. A 
fused knife switch on a slate base is the proper thing for the z-ray 
connection or for a large are-lamp. The ordinary key receptacle for 
a single incandescent lamp may be used for small motors and for cabinets 
for voltae and faradic treatment, for diagnostic illumination, and 
for cautery. 


EXTRACTS FROM THE REGULATIONS oF tHe [. & NatroxaL Boarp or Fire 
[ NDERWEITERS. 


In all electric work, conductors, however well insulated, should always be 
treated as bare, to the end that under no conditions, existing or likely to exist, 
can a ground or short-circuit occur, and so that all leakage from conductor to con- 
ductor, or between conductor and ground, may be reduced to the minimum. 

Every reasonable effort should be made to secure distribution centers located 
in easily accessible places, at which points the cut-outs and switches controlling the 
several branch circulta can be grouped for convenience and safety of operation. 
The load should be divided as evenly as possible among the branches, and all com- 
plicated and unnecessary wiring avoided. 


QOursipe Work. 

(a) Service wires must have an approved rubber insulating covering. Line wires 
other than services, must have an approved meatier pence or rubber insulating 
covering. All tie wires must have an insulation equal to that of the conductors 
they enfin, ; er 

b) Must be so placed that moisture cannot form a cross connection hetween 
them, not less than a foot a art, and not in contact With any substance other than 
their insulating supports. Wooden blocks to which insulators are attached must 
= covered over their entire surface with at least two coats of waterproof ates 

Wf) Must be so spliced or joined as to be both mechanically and electri cay 
secure without solder. The joints must then be soldered, to insure preservation, 
and covered with an insulation equal to that on the conductors. | tas 

All joints must be soldered, even if made with some form of patent bilan 
device. This ruling applies to joints and splices in all classes of wiring covers - 

7 rules. 

oo Insipe Work. 

(a) Must not be of smaller size than No. 14 B. & 5. guage, except a allowed 
under Now. 24 v and 45 b. 
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and Governed with an insulation equal to that on the conductor= 

Strinded wines must be soldered before being faatened under clamps or binding 
err Ws und whether <tran i! oF silt, when ti a have «a eonduetiy ity ey fer 
than thatorso. 8 bk &. cuage, they must be soldered into huge for all terminal cor 

Must be separated from eontact with walle, floors timbers. of Par Lit bors, 
i Bnev Tay Pass by rechten hs ii alee non-absorptive : inwulatine 

glass or porcelain, except as provided in No. 24. u. 

« kept free from contact with gas, water, of other metallic piping, 
or any other conductors or conducting material which they may cross, by some 
continuous and finmly fixed non-conductor, creating 4 Se Dariut bon of at least one 
ineh Deviations from this rule Mia ne Limes be allowed bey aM cil ] "al weet tc] | J} 8 

Whe Ch 1a Wirt Crosses another wire. tie I ef E hare LEE irl fiecans oF me rating 
them is by means of a porcelain tube on one of them. The t ibe should be prevented 
from moving out of place, cither bY a cleat at cach end or by taping it securely 
to the wire. 

The same method may be adopted where wires Pass choee to iron pipes, beam, 
Pet., oF We here the LE Ines ire above the pips, 35 1s ere rally: the mse, ample pro- 
tection can frequently be secured by Supporting the wires with a porcelain cleat 
placed az nearly above the pipe as possible. 

(f) Must be 2o placed in wet places that an sir-space will be left between con- 
ductors and pipes in crossing, and the former must be run in such a wav that they 
cannot come in contact with the pipe accidentally, Wires should be run over. 
rather than under, pipes upon which moisture is hkehy ta gather or which, by leak- 
ing, might cause trouble on a circuit, : : : 


5 ok fl 
ee 


owimTcHEs, Cut-ovts, Cmcrrr-Breakers, Erc. 

(2) Must, unless otherwise provided be so arranged that the cut-outs will pro- 
tect, and the openmg of a switch or circuit-breaker will disconnect. all the Wits ; 
that is, in a two-wire system the two wires, and in a three-wire system the three 
Wires, must be protected by the cut-out and disconnected by the operation of the 
switch or circuit-breaker. 

(6) Must not be placed in the immediate vicinity of easily ignitible stuff, or 
where exposed to inflammable gases or dust or to yings of combustible material. 


RUBRER-COVERED WIRE. 
\@) Copper for conductors must be thoroughly tinned. 


INSULATION FOR VOLTAGES RETWEEN 0 axp 600. 
(b) Must be of rubber or other approved substance, and of a thickness not 
less than that given in the following table: 
B. & §. Gar ‘Thickness. 


Circular Mis. Thickness. 
20,000 to weaeece We inch. 
00.000 to 1,000,000... Seon Seer ce | ee 
Over (WM.000,.... STA eee eee 


_ Measurements of instilating wall are to be made at the thinnest portion of the 
dielectric. 
san ff) The completed covering must show an insulation resistance of at least 
100 megohms per mile during thirty days’ immersion in water at 70? F." 


1 The insulation resistances of a gutta-percha covered wire i« tested by iuMnersing 
a mile or some fraction of a mile of the insulated wire, except at its two ends, in 
acidulated water. The tank must be of highly insulating material. One pole of a 
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All the above insulations must be PIE tected by a substantial braided iy er- 
roperly saturated with a preservative compound. This covering must be 
iy strong to withstand all the abrasion likely to he met with in practice 

i sufficiently elastic to permit all wires smaller than No. 7 B. & 5. gage to be bent 
und a cylinder with twice the diameter of the wire, without injury to the braid. 


Fusing-points of Metals and Alloys.—trerman silrer, used for 
rheostats, melts at about 190906° F. 

Fuse wires to melt when heated by a current im excess of the one 
they are designed to carry are made of different alloys. 

Fusible amalgam melts at 53° C., or about 127° F. It consits of 
mereury, 1 part, and Arcet’s metal, 9 parts. 

Wood's alloy melts at 68° C., or 154° F., and consists of lead, 2 
parts; tin, 4 parts; bismuth, 7 or 8 parts; and cadmium, 1 or 2 parts. 
 Arcet’s metal melts at 94° C., or 201° F., and consists of lead, 5 parts; 
tin, 3 parts; bismuth, & parts. 

An allay melting at 119° C., or 246° F., consists of tim, 4 parts; 
bismuth, 5 parts: lead, 1 part. 

An alloy melting at 141° C., or 286° F., consists of tin, 1 part; bis- 
muth, 1 part. ue 

An alloy melting at 165° C., or 334° F., consists of tm, 2 parts; 
bismuth, 1 part; or tin, 3 parts; lead, 2 parts. | | 

All these fusible alloys are remarkable from the fact that they melt 
at a much lower temperature than any of the separate ingredients. 
The melting-point of tin is 442° F.; that of bismuth is 497° F., and ot 
lead, 612° F. | ae s: 

The melting-points of other metals and alloys used in electric 
instruments are: Zinc, 773° F-.; brass, 1869° F.; silver, Isso, F.; 
copper, 1954° F.: iron (wrought iron or iron wire), 3286° F.; nickel, 
200° F.; platinum, $2867 F. i Brie bees 

Solder consists of various alloys, the common tin-solder Sarnia 
tin and lead in proportions af 2 parts of the former and from 1 to 6 = 
the latter. and 18 yusedl for soldering COAr& Wires. Silver solder | tte 
be hard or soft, the former containing 1 part copper and 4 parts “th eal 
and the latter 2 parts of silver and 1 part of brass wire. | It TEAR 
for soldering fine wires and other parts of electrotherapeutic ste ches 

The regular eleectric-light sockets and the lamps themse es oS 
plugs on the flexible cords leading to a movable lamp are 50 const" 


: . . , ! hich dipe 
batters with} known electromotive force is attached to a metal plate ¥ r 
into t e liquid. The other pole is attached to a galvanometer or aS bap ah 
from which a connection is made with one end of the wire to be tested. Pilar ; ay 
end of the wire is outside of the conducting liquid, and is not in Prminagd soars 
comductor. The strength of current indicated by the meter furnishes Ieeasure 
of the insulation resistance. 
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a metal spring which is raised or depressed by | 
i makes or breaks «c inneclion with ni stnmall metal su 
he lamp. To test the wires and see if they are charg d 
all often momten hie fir rer=tip andl press it’ against 
Ins! of an eleectric-light socket. lf there 1s any 
uirply, and usually causes the hand to be drawn 
| ction. This takes place whether the key at 
encket is turned on or not. If there is no current, it may mean 
that the dynamo has stopped or that there is an imperfect connection 
somewhere between the dynamo and the lamp-socket. Screwing the 
lamp itself into the socket and turning the key 1s a more agreeable way 
of testing for current if a lamp ts available. But there is no danger 
from the use of the finger, and no muscular contraction results which 
will prevent the finger being withdrawn at will. 
To locate the trouble in case there is no current try other outlets 
on the same circuit. If they have current, the defect 1s probably im 
the socket ttself, ether a faulty connect ion with the two wires or an 
imperfection in the metallic connections in the socket. The first is 
readily repaired by screwing the wires fast in position; but the latter 
defect generally necessitates the use of a new socket. If the trouble is 
not at the socket itself and there is no current at other outlets on the 
came circuit, see about the fuses at the point where this circuit leaves 
the mains. These may have burned out, and if so, they must be 
replaced by new ones. Ur they may make an imperfect contact and 
should be screwed more firmly into place or changed for new and 
perfect ones. If the trouble ts at or near the main switch by which the 
connection between the house wires and the street wires from the 
dynamo is made or broken, there will be no current anywhere im the 
house. The main switch may have been turned off, and simply turning 
it on may be all that is required. Or the fuses at this point may have 
burned out or may be defective. All the fuses and contacts along the 
lime bemg found to be perfect, but the apparatus still recelving no 
current, a break-finder will be found invaluable. It consists of a 
16-candle-power incandescent lamp mn a portable socket, with two 
insulated wires which terminate in long metal points which are insulated 
except at their extremity. Beginning at the street mains, apply the 
two points to the bare ends of the mains or to the binding posts securing 
them. If there is any current there, the lamp will light up. If not, 
the electric-licht company should be notified. If there is current in 
the street mains, turn the main switch on and test the two bare ends 
of the house mains at the point where they are secured by the binding 
posts of the main switch. Finding no eurrent there, it will be a simple 
matter to remedy the defective contact which this indicates at the 
main switeh. If there is current there, the next place to be tested ts 
the other end of the house mains. The bare wires are to be touched bv 
the two points of the break-finder, and if no current is obtained, it means 
A break in one of the main wires between this point and the maim switch. 
This 18 very unlikely to occur if unbroken lengths of wire are used for 
these mains; but if there has been a joint in either wire, it should be 
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current in the ends of the distributing circuit at this po 


F iz. L577. Pole defector. 


the ends of these wires where they are fastened to the socket or knife 
ewitch for the apparatus. lf no current 1s found there, the trouble 
is due to a break in one of these wires. They should have been single 
lengths of wire, and if they were not, the imperfect connection should be 
sought at the joint which may not have been soldered. Findmg current 
im the wires at the socket or knife switch and none in the APDAPATUS, 
the break-finder may be applied to the contact surfaces at which the 
current should enter the lamp-base or the wires of the apparatus. The 
absence of current there indicates an imperfect. connection in the socket 
or switch, and this is sometimes remedied by tightening a screw or 
bending a spring into better position, but it often indicates the necessity 
for a new socket. 
A pole detector (Figs. 157 and 158) makes a very convenient break- 
finder for any part of the electrotherapeutic apparatus itself. [It willshow 
the presence as well as the 
direction of any current from 
lto SOO volts. Connecting 
the two ends with two op- 
positely charged wires, the 
passage of the current pro- 
duces a chemic change in the 
liquid, resulting in a red 
cloud around the negative Ee 
electrode. Its advantage Fig. 155.—Pole detector. 
over a lamp is that it is sen- din F eh) 
sitive enough for the weakest therapeutic currents and will indicate 
without injury the strongest currents ever apphed to medical apparatus. 
No other apparatus covers so wide a range without requiring adjust 
ment. It is not suitable for the detection of the secondary currents of 
exceedingly high potential and great amperage which are produced by 
r-ray coils, but it is not required for these currents, as they manifest 
themselves in a striking manner if present. ain 8 
Pole Detector.—The formula for the liquid is: 50 grams ae iace 
grams saltpeter; 20 grams water; 0.5 gram phenolphthalem, previo’ y 
dissolved in 10 grams alcohol. Pole connected with negative wire turns 
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.—Cotton-covered wires are soaked in melted paraffin. 
al ‘tromagnet cous have a double layer of eotton thread. and 
the outer layer is coated with a thick varnish of shellac. 
Insulating Paper— Absorbent tissue-paper is rendered insulating 
by soaking in melted paratin, and is then suitable for use as the dielec- 
. Tl the large CONMEnSers lzcel inl telegraphy aTicl mm connection with 
coils. Heavier paper, O.011 Inch thick. varnished with one 

part Canada halsam snc two parts Spirits of turpentine, 15 required 
for the condenser of an x-ray coil. ‘Two layers of this paper are required 
in the most powerful coils between the layers of tin-foil. These two thick- 
nesses of varnished paper are about as thick as five leaves in this book. 
insulating tape is prepared by soaking in Stockholm pitch, § parts, 

Wax, 2 parts, tallow, 1 part. 

Wood 1s rendered insulating by boiling it in melted paraffin until 
bubbles of air cease to rise, Or by painting it with melted paraffin. 

Weed is rendered both msulating and unafiected by acids if thor- 
oughly coated with Burgundy pitch, 1500 erams: old eutta-percha in 
shreds, 250 grams: powdered pumice, 750 Prams. Melt the futta- 
percha, mix with the pumice, and add the pitch. An oak trough coated 
With this preparath i will acre ‘or Years 45 a jar for 1 voltaic Or 4 
storage battery or for an electric bath. The same preparation will 
protect a metal tank used for similar purposes from the action of acids. 
but the insulation should be supplemented by placing the tank on an 
msulated support (wood treated in the same way, or glass), and by pre- 
venting direct: contact between the tank and any of the metallic wires 
or electrodes. 
_ Acid-proof insulating cement is made by melting 1 part of mibber with 
2 of lmseed oil and then adding 2 parts of pipe-clay. 

Chatterton’s compound contains Stockholm pitch, 1 part; resin, 
1 part; and gutta-percha, 3 parts. It is used for joming the layers of 
Futta-percha in the insulated covering of wires and cables. 

the dielectric rigidity, or the voltage required to discharge through 
I mm. of air, is 4000: of mica, 61,000: of hard rubber, 55,000, and of 
resin oil, 20,000. But to have such great insulating power the oil 
must be entirely free from water and acids. 

_ Tapping a Line for an Additional Outlet.—It will often happen 
that one or more outlets are desired from a pair of 110-volt wires besides 
the outlet in which the wires terminate. This can usually be done 
without disturbing the wires except at the point where they are to be 
tapped. For instance, if the wires are laid in molding, the capping is 
removed and the wires lifted out of the wooden groves for a few mnches. 
The current should have been shut off at the main switch, and if there 
is a possibility of this being turned on by some one else, the fuse plu 
of this particular line had better be removed. It would be absolutely 
wrong to handle bare live wires with metallic instruments. Each wire 
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ly. ‘The insulating cover is stripped from the wire 
h, and the wire is scraped free of oxi. The end of the 


tened to this has been similarly Prepared ancl i 
mes around the hne wire. The joint should certainly 

| me by first painting it over with a sold; ring 
over the turns of wire. All the bare wire should be covered aR 
several layers of insulating tape, and the wire pressed back into the 


When £roove. The other wire hav F 7 


bo been tapped In The same way. 


but at a distance of about an inch from the level of the first. the « 
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of the molding is nailed down in position again. The two side wires 
should not be flexible wires leading directly to any apparatus, but 
should be inclosed in molding and lead to a stationary switch-board ot 
receptacte. At the piace Where the line 1S tapped the sie Wire from 
one of the line wires has to pass over the other line. and in doing so it 
should be outside of the wood capping. It is often desirable to annly 
a short length of Hexable loom or of porcelain tubing covering ane tas 
where it crosses the other. : 

The 110-volt alternating current is supplied in the same way by a 
three-wire system. It is a current which produces a much more marked 
physiologic effect than the direct current, and so the wires should be 
handled more carefully. While the cautious use of the finger is per- 
missible as a means of testing the presence or absence of current, still 
it will be found less disagreeable to use a lamp, a break-finder. or a 
pole detector for this purpose. Such a current will not flash across AnLy 
freatcr Space than the 110-volt direct Current. and requires exactly 
the same sort of wiring. It may be used direct ly for ninning motors of 
special construction, for diagnostic and therapeutic lamps, and for 
electric baths. Its tension is regulated by a volt controller, and its 
Intensity or amperage by a choke or mductance coil. It may be made 
available for z-ray and hich-frequeney currents by means of a rotan 
transtormer or electrolytic rectifier Aric eqitahle accessory apparatus, 
as In the d’Arsonval-Gaiffe or the Snooks or Kny-Scheerer outfit. It is 
not direetly available for most forms of electrotherapy, and especially 
not for electrodiagnosis where ¢ polar effect is often paseniak bie it 
may be used to run a motor generator from which a suitable current 
with a fixed polarity may be obtained. It may also be used to run 
4 motor transformer yielding a sinusoidal eurrent. which has very 
marked therapeutic properties. 

The Intensity of an alternating current may he messtired by means 
of a hot wire milliamperemeter. The current or a shunted portion of 
the current passes th rough a wire whose increase in length under the 
oe ence Of heat causes a corresponding motion of the indicator. The 
instrument is graduated by experimental comparison with a standard 
instrument. The wire is heated by a series of currents in alternating 
directions, very much as it would be by a series of currents in the same 
direction. The voltmeter for alternating currents must also be a hot- 
Witt Nstrument. Taking the number of volts and of amperes a Tyas 
by the two instruments and multiplying these together to obtain the 
indicated number of watts produced by the dynamo, it will often be 
found to exceed the amount. of power expended in running the dynamo. 
The hot wire milliamperemeter evidently does not register the average 

Id 
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strength of the currents passing through it in alternate directions, but 
eomewhat more than the true figure. The repeated surges 
sroduced by the maximum current are more effe ive than the 
on the part of the wire to cool durmg the instants when the 


rent is zero. 
frolley-car Currents. r 
trolley-car avstem used for electric are-lampe im t 

Maces is of such high potential that it will leap across a considerable 
id has a very dangerous effect upon living creatures. Death 


from the current passing throuely the binly by accidental 


The 500+ or 530-volt direct current of the 


ne street and publie 


~ 
C“istance Al 


may result 
contact with two oppositely charged bare wires, or with one bare wire 


. pay 5 . 
and some good ground connection. The Person MAY escape with only 


a severe shock and burn if he t in a partially insulated position anid 
touches only one wire. The wires are not only a direct danger. but 
an indirect one, for other wires, telephone or telegraph, may fall aeross 
them and shock or kill human beings. Horses are said to be more Apt 
than men to be killed, and it may be because their iron shoes form a 
good fround connection. An insulated body when brought near to or 
In contact with a charged body acts only to a slight extent as a con- 
ductor, but for the most part as a capacity. It acts like a contaimer 
mto which at certain amount of liquid is poured, and not like a seetion 
of pipe of the same size through which a continuous stream is poured, 
perhaps ten times its cubie capacity passing through the section of pipe 
Ina second. A short length of fine wire suspended by a silk thread 
may be swung into contact with a bare wire charged with electricity 
at a voltage of 550, and will be found to have received a charge of clec- 
tricity, but only a very slight one as compared with what it would 
receive trom contact with the prime conductor of a static machine. 
ine WiITe undergoes Tho appreciable change, anil if SWune away from the 
ax4-volt conductor and against one’s hand, its electric charge will be 
hardly perceptible. But the same fine wire will be heated and fused 
or even vaporized If it crosses two oppositely charged wires with ‘a 
oA-Volt potential, or ii it forms ah conducting path beet ween one of 
these and the earth. Insulating the human body and then touchine 
a bare oM-Lvolt conductor is not to be recommended as an experiment: 
“ is only referred to at this place to show the direction of safety and of 

danger in the management of such a current. Sy 
sokeeera current etily unstitel fo any dectrotherapeati 
and this aan hares fats 1anged to a current of a much lower potential, 
mvalve a great eee ape iS cone by a volt controller. This would 
through a parallel te | : bes sending three-quarters of the current 
heat in the side sandnetng A i‘ rae PeOeieiie ia r rhiahes a 
ments to guard aicaine’ nas chs l would require special aTranige- 
reliance were placed a Se he See erheating would occur if 
willing to do so, it will be ; 3 Shiba Unless the electric company is 
generator or F facie af we Pde aly [or the physician to have a motor 
or less. The mba ars i Wo pl sane the desired eurrent—110 volts 
direct current, [t is 4 el ni ted by greens ROW. UES with the 
running a dynamo which ua i us sia oy the outy olt current, and 
any desired voltage Siler ARGC chee generate a current of 
Phase. The closed “magnetic Sipe hides stamp eae oidal, or poly- 
of a S60-volé alternating currenteine en ere the power 
other desired voltage ‘i abst into in E femating current of any 
| ; process Of induction which takes place 
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Sintionmry coils, The rotary transformer Ls for the 
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directly proportional to the square of the strength of the current and 
tio the resistance. Lhe strength of the current means the number of 
amperes or milliamperes. I[t will rendily be seen that the higher voltages 


— a ry 


are an absolute Necessity when .t comes to a matter of transmitting 
thousands of horse-power as an clectric current. These tremendous 
voltages, of course, need the Aeertest kind of msulation wherever they 
touch any 20 cl Support, and require that the conductors should not be 
on the surface of the ground, and that they should be far enourh apart 
from each other or from other metallic conductors to prevent the 
current from leaping across the air-space which forms the insulation. 
Accidental contact of human beings with the metallic conductors should 
be most effectually guarded against, as it would certamly be fatal. 
Currents of such tremendous voltage are always modified by a step-down 
transformer before entermg the power-house, where they are further 
acted upon by rotary converters and changed mto a direct current of 
550 volts for the trolley line, and of other voltages for charging storage 
batteries and for electric lightmmg. Almost any bare wire or binding- 
post In such a power-house is charged with a current which would make 
accidental contact extremely dangerous. ‘There 15 also a great amount 
of electromagnetic and electrostatic induction in the room at the power- 
house where these high voltages and rapid alternations are present, 
and two special effects are produced. One is a magnetizing effect upon 
watches, causing them to run irregularly, and another is an effect upon 
the nervous system of the operatives, producing symptoms ol neuras- 
thenia. The air of the room is kept warm by the conversion into heat 
of a certain portion of the electric current passing through the various 
portions of the apparatus. 3 ; | 
The best conductors are those which transmit an electric current 
with the least ohmic or, in other words, frictional resistance, but there 
is always some resistance, and in the case we are considering the resist- 
ance is not only a measurable but a large quantity. The electricity 
lost by ohmic resistance is converted into heat. Special attention 
always paid to arrangements for the dissipation into the air of the heat 
produced by ohmic resistance in the wires forming part of dynamos 
and motors. A rise of 50° F. in the temperature of the apparatus © 
regarded as the limit of safety. The hotter a body becomes as compared 
with the surrounding atmosphere, the more rapid becomes the dis 
sipation of the heat. In an apparatus through which the same amount 
of electricity passes every minute and im which, consequently, the 
ame amount of heat is penerated every minute, the MNANIUIN Lh nal 
perature attained is the temperature at which the rate of dissipation 
of heat becomes equal to the rate of heat-production. The room im 
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ich all these great dynamos are in operation ia =o warm that no 
icwinl heat 1s requ <i. and the doors and windows are left Copeen . 


The great eopper hare forming the Fround connection or return 


| Tf 


eircuit from the trollev-car rails to the dynamo carry a tremendous 
amperage. but a very low voltage. These can be touched with the bar 
hand, and are found to feel quite warm from the friction of the electric 
current passing through them. Ome of these bars carries & current 
sufficient to kill 100 men, but at so low a pressure or voltage that the 
amount which will pass through the human body w not sufficient to 
produce a perceptible sensation. This amount ts found by dividing 
the voltage by the number of ohms resistance in the body, and 15 not 

excecded no matter wy hisat may be the size and Ae rare of the generator. 

Either the 550-volt current of the trolley-car circuit or the 10,000- 
or 15.000-volt current for long-distance transmission of power passes 
through a continuous insulated! conductor of ample size, with just 4s 
little evidence of its existence as the 11l@+-volt current passing through 
the flexible cord to an incandescent lamp upon a writing desk. And 
just as a short-circuit of the 110-volt current will cause heat enough to 
vaporize a steel knife-blade, these other currents with heavier voltages 
and greater amperages cause destructive conflagrations when short- 
circuited. Automatic circuit-breakers are always employed, breaking 
the circuit the moment that an excessive current begms to ow through 
the line. 

A cireutt-breaker is like a knife-switch, which is thrown wide open 
by the action of an electromagnet which is not strong enough to throw 
open the switch with any ordinary current, but becomes so under the 
influence of an abnormally strong current. 

A common use of the circuit breaker is in an automatic cut-off ar- 
ranged to break the circuit in case of an excessive flow of current. <A 
powerful spring tends at all times to press the control lever over to “off,” 
or the position of no current. When this lever is pressed over to the 
place of maximum current flow it is held there by a powerful electro- 
magnet. Forming a part of the same apparatus is another electro- 
magnet which tends constantly to actuate a circuit breaker, but is Oppose d 
by a spring which may be set so that it will yield to more than a definite 
strength of current. An excessive current causes the circuit breaker to 
act; the electromagnet loses its power to hold the resistance lever, and 
the latter springs back through the positions of greater and greater 
resistance to that of no current. ‘This is part of the equipment of any 
powertul z-ray generator. | 

The induced currents produced for therapeutic application by a 
faradic coil are of a higher voltage, and correspondingly lower amperage 
than the primary current. The faradic current will, therefore, over- 
come the resistance of the dry skin, and two dry uncovered metal 
handles held in the hands will transmit a current through the 1000 ohms 
resistance of the body. A voltaic current of the usual voltage would 
not be transmitted in any effective amount under the same conditions. 
The faradic current is usually an alternating and an imterrupted 
one, and each impulse varies in voltage from a maximum to a minimum. 
Methods of measurement of the voltage are by the use of a faradimeter 
or of an electrostatic voltmeter. The latter depends upon the attrac- 
tion between two oppositely charged bodies, while the faradimeter is 
composed of two coils between whose ends a bundle of soft-iron wire or 
a col of wire is freely suspended. The soft-iron core tends to assume 


“i, | 
- ntti 
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with the long axis of the coils, and indientes upon 
gth of the Current pase throu wh the ecole, ‘The 
current is, of course, depend dent upon the voltage 
appliances probabiy giv ae ath ADDO Suiits tion to rhe 
tage and not Loe average Ve nt aEe. Nhe: asurements have 
Indicate that the potential o of a faradic current. while 
PP to a human bemg, 1s abm it 10 volts, while other 
mrictrit ] dicate thint the chiberence 11 porenyal bet VW i Th ie 
two poles on open circuit is about oO vi lis. As it ¢t; akes 4 voltage of 
10.000 to $0,000 to spark across an air-Space of an mch, the snakes ra gree 
obtained from 10 volts would be only +445 or =), meh long, and that 
from 90 volts about 74, or 93 mech long. Atul this is about the resylit 
obtained when the two bare ends of the wires from a faradiec coil are 
brought together; it 18 difficult to get any spa ark at all except by rubbing 
the en ds over each other and : cunng an imperfect contact. It is 
hardly “sible to hold the ‘atte at any distance apart pout secure a 
contin nous stream of sparks. With the strongest therapeutic faradic 
eurrent the sparks that can be obtamed are little bright points without 
noise and without any efiect upon the metal points. The amperage 
is very small inde el. As In the = ot the voltaic current for medical 
purposes, the wires carrying the faradic current require nothing but the 
thinnest complete layer of insulating material. 

‘The Centimeter-gram- -second System of Electric Units.—The 
centimeter Is the metric unit of length, and is equal to 0.3739 inch. 

he gram is the unit of weight in the same system, and is the weight 
of a cubie centimeter of water at 4° C.., the temperature at which water 
has its maximum density. The 3 second is the unit of time m the same 
System. 

Force is that which produces motion or change of motion m a body. 
The dyne is the C. G. 5. unit of force, and acting for one second upon 
a body weighing one gram, it will give the body a velocity of one centi- 
meter per second. Work is the product of a force by the distance 
through which it acts. The C. G. 5. unit of ‘work is the erg, or the 
wark done in oy seomine a force of One dvne through a distance of one 
centimeter. A concrete example of work is the raising of a body 
we ‘ighing one gram to a height of one eentimeter. Since the attraction 
of gravity acting on a mass of one gram for one second will give 4 
velocity of GR] centimeters per oconc, the force exerted by Reais ny 
upon a body weighing one gram is OS] dynes. Theretore, the mi _ 
done in raising a mass of one gram to a height of one a 70 O81 
981 ergs. Other units of work are the kilogram-meter= 100,000. 
ergs, and the foot-pound=1.356% 10" ergs= 13.56 million sae of its 

Kinetic energy is the work which a body can do by praia 
motion. Potential energy is the work We me A body CAML do ry 
its position. The unit in either case is the erg. ge 

The unit of the rate of work is ome erg per second. A ad The 
= 33,000 foot-pounds per mmute is 7460 million ergs per eat ; ere 
horse- _power represented by a an electric current 15 equiva 


EC CR E* =, which expression E= 

electric energy of - 16 Or ae OF “F4aeR” in which exp 

volts, C=amperes, and R=ohms. 
One Aorse-power is ] kilowatt 


ho wer. : am-second system. 
"Bleed +P ee | rit S fiat her red from, the centimeter f = * | Bd . | n : 


or 746 watts. One hilowalt is 1.34 
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rT re two Sets of them the electrostatic and the elex TTomngneti-e 
ner’ APE CM te ee | ae for ite nmi + crimntidas ai 
The electrostatic system has for ifs unit f quantity the 


r 7 | 
ah at eg es, 


ray rant of electricity which will exert a force of one dyne Upon i slMilar 


FLT ice i am n 

: mance oO ne Cenctimete.. Te Ftv eg ee! 

quantity of electricity at a distance cH rr - i a he int Loree wil] 
5 sia : rf + charee if POSItive and the othe visa 

bag’ attraction UW one t are im pw I : I ) : Ty aE: Fative: 
: ia ft hoth are of the same sien (+ or iP 1] elas = 

ind of PoPLisIoOn i CMD are Of The Same sien | ie els CLin-~ 


- a units of current, electromotive force, ancl CAPACILY Are derived 


from this unit of quantity. ‘ean 3 aoe , 
The electromagnetic system of C. G. 5. units ts Se one that is 
commonly in use, and is based LL PPcer the force exerted petween two 
magnetic poles. For instance, a wntt magnetic pole repels a similar Pole 
at a distance of one centimeter with a force of one dyne. The C. G. oS. 
unit of current is a current which, passing throuch a wire one centimeter 
long, bent Into an are of a circle whose radius is one centimeter, will 
exert a force of one dyne Upon & unit magnetic pole situated at the 
center of the circle. The C.G. 3S. unit of quantity is the amount of 
electricity transferred m a socom by i current of a strength of one unit. 
The C. G. 5. unit of electromotive force is that which must be maintained 
between the ends of a conductor in order that a current Of unit strength 
shall do one C. G. 5S. unit of work in a second. The C. G. S. unit of 
resistance 13 that of a conductor in which a unit of current is produced 
by a unit of electromotive fi ree. The C. G. S. unit of capacity is the 
capacity of a condenser which will he at a potential of one unit of 
electromotive force when charred with one unit of quantity. 

Practical Units of Electricity.—The electric units In every-day 
use are arbitrarily selected, and are of a size to be readily measured, 
so that the currents ordinaril y¥y employed can he represented by 
only a few units. The comparison between the ohm, for Instance, and 
the C. 7. o. unit of resistance is about like that between the ton and the 
gram 23 units of weight. 

7 he coulamb is rs |. G. 8S. unit of electric quantity, or 10-' C¢. GS. 
units. It decomposes 0.0000945 fram of water or deposits 1.118 
milligram of silver. It is the amount of electricity transferred in a 
second by 4 Current of one Ampere. 

The am pere is the unit of current or of the rate of flow of electricity. 
A current of one ampere transfers one coulomh of electricity per second. 
It decomposes ().0000945 gram of water per second. It is equal to 
Ti C. G. 5. unit of current. 

The mulhampere is one-thousandth of an ampere, 

The vol! is the practical unit of electromotive force, and is the 
electromotive force which will maintain a current of one ampere through 
~ eatance of one ohm. It is equal to 10° C. G. §. units of electro- 
motive force, and is about 7 per cent. less than the electromotive 
force of a Daniell cel). 

The ohm is the practical unit of resistance, and is equal to 10° C. G. S. 
units of resistance. It has been defined by international agreement 
as the resistance of a column of mercury LO6 centimeters long, one 
square millimeter in cross-section. and at 4 temperature of 0° C. or 32° FY 

The farad is the practical unit of capacity, and is equal to 10°C. G. §. 
units of capacity. It is such a capacity that a coulomb will charge 
it tO & potential of one volt. : 

Che ritcrofarad js one-millionth of a farad. A Leyden jar with a 
total coated surface of one square yard would have a capacity of about 
ge Microfarad. ; - 
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is the practical unit of 


electric power, and is equal to 
nits of power. 


It is the power conveyed by a current of 
throuch a conductor whose if one ohm, and 
juently requires an electromotive force of one volt. It im 
me joule per second, OF yf, horse-power. The number of 
s equal to the number of amperes multiplied by the number of 
VW (CCB. AUT, it i ecpual m4) the Square of the current strength 
am Pcres multiplied by the resistance in ohms—VW=—("K 7 
1 4 of the elects 

Ww = 

HK 
The kilowatt is 1000 watts, and may, for example, indicate a cur- 
rent of 10 amperes at a 100 0 woltSs, OF A CUIFTeNt of 3 amperes at a 

WM) volts. [t 1s one of the standard units of electric power. 

The kilewatt-hour, equal to 1000 watts acting during one hour, is a 
<andard electric unit of work, and is the unit upon which the eleciric- 
ieht companies base their charge for the use of the current. It may, 
for example, indicate the work done in an hour by a current of 10) 
AMpPeres and 100 volts. A current greater than one kilowatt acting 
tor a correspondingly shorter time or a smaller current for a longer 
time may constitute a kilowatt-hour- 


resistance 


] | Chr it 1 
omotive force in volts divided hy the 


A kilowatt-hour 1 equal to 
1.34 horse-power working for one hour. One horse-power (h. p.)= 
33 000 foot-pounds per minute. 

The joule 1s the practical wit of heat or work upon which the 
mechanic equivalent of heat is based. It 1s the work done or the heat 


conerated in a second by a current of one ampere passing through a 


resistance of one ohm. It 1s the amount of heat equivalent to it 
C. G. & units of work. It is found to be the amount of heat necessary 
to raise 0.2405 gram of water one degree Centigrade. | 
The calorie is the French unit of heat, and is the amount of heat 
required to raise the temperature of 1 gram of water i°C. It is analo- 
sous to the English heat unit, the pound-degree. : 
The heat generated in a wire by a current of electricity Mm a certain 
leneth of time is found by a formula in which C is the current st rength 
In amperes: R, the resistance in ohms: E, the electromotive foree m 
volts. and T. the time in seconds. The heat generated in the time 
T: =(RT *0.2405 calories{gram degrees), or, it is equal to EC! ~ 0.2405 
calories. Thus, a current of 1 ampere and 100 volts will in one second 
generate 24.05 calories, or heat enough to raise the temperature of 
1 pram of water 24.05°C. Written out in full: The number of calories 
(gram degrees) generated by an electric current in a certain number ol 
seconds is equal to the square of the number of amperes, multiphed by 
the number of ohms, by the number of seconds, and by 0.2405. OTF, 
arain, the number of calories generated in a eertain number of seconds 
is equal to the number of volts multiplied by the number of amperes, 
by the number of seconds, and by 0.2405. 
The Different Wire Gauges.—The one usually referred to im 
America when the size of a wire is spoken of as such a number 18 the 
Brown and Sharpe wire gauge (B. 5. G.). For example, the No. 36 
wire so generally employed for the secondary coils in faradic OF <-Ta) 
apparatus is No. 36 B. and 8. The other gauges are British Standard 
Gauge (8. W. G.); the Birmingham Wire Gauge (B. W. G.); and the 
French Wire Gauge (F. W.G.). In addition to these gauges mm which 





2.16 MEDICAL ELECTRICITY AND RONTGOEN RAYS 


wire ia referred to by number, the size of a wire may be designated bee 
stating its diameé ter In fractions of an inch or rth millimeters, : 
No. 36 (BE. and 8.) 15 0.005 meh, met U.1 mullimeter iT diameter, Tes 
equivalents are MN BU (=. W. Gi) and No. do (B. W. G.) 
for the secondary of induction COS. axe . 
B. and 8.) is 0.0253 inch or 0.6 millimeter in diameter. Jy, 
No. 23 (8. W.G.), No. 23 (B. W.G.) and No. 7 
It is used in the primary winding of induction coils. 
_and S.) is 0.0641 inch or 1.6 millimeters in diameter. lis 
No. 16 (S. W. G.), No. 16 (B, W.G.), and No. 1) 


is used for the house-wiring, passmg from the mains 


It. is Lise] 


to individual electric-light sockets. 


No. 10 (5. and 8.) is 0.1019 inch or 2.7 millimeters in diameter. Jie 
equivalents are No. 12 (5. W. G.), No. 12 (B. W.4G.), and No. if 
(F. W.G.). It is a suitable size for the house-wiring leading from the 
mains to the switeh-board for an z-ray coil or to an are-light. Tt ia 
heavy enough even for the mains for an electrotherapeutic mstallation. 
provided that not more than about 25 amperes of current in the various 
apparatus are ever to be turned on at the same time. 

No. 8 (B. and 5.) 1s 0.1285 inch, or 3.4 millimeters in diameter. Tits 
equivalents are No. 10 (S. W. G.), No. 10 (B. W. G.), and No. 18 
(F. W.G.). It is suitable for the mains for a complete electrothera- 
peutic installation, including z-ray, are-light, and eleetric-light baths, 
but not to exceed 100 amperes at any one time. | 


WIRE GAUGE IN DEUCIMAL- PARTS OF 
AN INCH. 

NUMBER OF IETER IX : : 

Wine eee: Dar esee = hoor 
(MM) aa Is 
Ce) Sa ee 19 
CHC) 460000 zi) 
O00 0.409640 2] 
(M) 0.364500 ual 
0) 0.324580 23 
] 250-00) 24 
0257630 25 
22044) 2h 
OS Lo oT 
O.1S81940 2s 
0.162020 29 


EQUIVALENTS OF B. & &. 


Diawhren nN 
IS CHES. 


Cy. OHO 
().0hecSoM) 
0.03 1051 
0.023462 
0.025547 
0.02257] 
0.020100 
0.017900 
0.015040 
0.014195 
0.01 26-41 
0.011257 


SS = 
eS 0 Se ee OP 


eo Ge de GO BO 


—, 
=J 


0.144280 
O.1254590 
0.1 1440 
0.101 5t0) 
0.07 42 
0. 0S 
O.07 196] 
DOhsos-4 
0.057008 
D050 
O04 Sear 


O.01002S 
0.008028 
0.007950 
0.007 080 
0. CO -4 
D614 
0.005000 
0.04453 
CO. 
0.00355 1 

OMe l44 


= Conductivity of Metal Wires.— The specific conductivity of pure 
silver wire is taken as 100, that of pure copper wire is SO, and the con- 
ductivity of copper wire suitable for electrie work, 95 per cent. that of 
pure copper. The specific conductivity of silver is 100; copper, SO; 
gold, 55; zinc, 27; tm, 17; iron, 14; palladium, 12.5; platinum, 10.5; 
lead, 1.5; antimony, 4.3° mercury, 1.6; bismuth, 1.2. This means that 
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tical conditions as to voltage amc size and length of wire the 
F wena i r fT hore r TEs bon ; 5 ‘ : eal a r Ls 
wren Cray Siiti cl 4! 1 ait Lil Gola PPO portion Inchicated hae 

. aL i COMMAUCtIVities 
nits of Resistance.—In the C. G. 3. svstem 1 


the unit of resistance 


PTL] 


a pure copper wire one millimeter im diameter | 
fii 


neter long. 

: the evstem commonly employed the unit of resistance is the ohm 
is equal to the resistance of a pure copper wire one millimeter 
tor and 45.64 meters long. 


The Specific Resisiance of Metal Woes The specific resistance of 


jure copper, or the resistance of a cubic centimeter at 0° C. is 
n.o00001642 ohm. The specific resistance of the various other metals 
<< a matter of simple calculation based upon a comparion of their 
eomductivity with that of COP Per. For instance, platmum has about 
one-eighth the specific conductivity of copper, and has, therefore, 
about & times the specific resistance. A pure copper wire | square 
ecntimeter In cross-section and 1 centimeter long has a resistance of 
n.000001642 ohm, and 100,000 times that length, or a kilometer 


(equal to 3280.9 teet) of the same wire would have a resistance 0.1642, 


or about $ ohm. 


TABLE OF THE RESISTANCE OF DIFFERENT METAL WIRES. 


APPROXIMATE Resrmrance or «a Wire 
Nawe oF Mera. Lava A TeAT OV Mirren Lowd Axo I 
Ri reisTance. Woewiunren mv Diam. 

ETEER. 


Ceres Soe oe eae ee 1a O.OLG87 ohm 
Copper... eee : 1. o00s7 -“ 
Gold. ...- Po at ea a Sees Es --- 0.08850 
Abominmum, ..:. 25.5.5... 1.4 0.0751 
Flatinum........ 6.08 0.11660 
lron ie eee) Eo 0.19510 
Lead. eae tek re 13.60 0.25260 


Mareniy, Haqukicliesiees os  O25D 1.22470 
German-silyer (copper, 4; . 
nickel, 2+ zinc, 1, parts).. f pn 0.13990 


The resistance of anv length of wire of any diameter mar be eal- 
culated from this table. Multiply the resistance of one meter, as Eive® 
above. by the number of meters, and divide by the square o! the diameter 
expressed in millimeters. Thus the resistance of a copper wire RS. 
millimeter in diameter and 100,000 meters long would be aE 
following equation: 


0.02007 _X . 100,000 =- 205,700 ohms. 
ta (or yhs) 


This is the size. No. 36, B. W. G., and length of the “sgt ase’ pe: 
some 16-inch induction coils. The 200,000 ohms resistance 1s W rie pat 
be termed the frictional resistance, and causes loss of pair Ae other 
verting a certain amount of the electric energy mto ae de endent 
impedence to the flow of the current 1s inductance, an Bet i see 
on the number and arrangement of the number 0! Seri Fee at this 
length and thickness of the wire. It is not under consideratw 1 
sap wire if frequently used for Speer es oe ore 
resistances, and the foregoing table enables one to calculate the ms 


RK = 
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leneth of wire of a certain dismeter, Lhe 


it il Levey itigr 


Toit ha wel 5 


ts INCHES OF GERMAN-SILVER WIRE AT ee Fr 


Dr Asc Mee rSTaANeE 
[co ADL. (Verna. 


(). bee Se a O Oe495 
ips) * (ci O.O7 (0M) 
O06 Ltd 0. 5450M) 
Oe? 0.555 0.95 100 
o.012 eS hy ata el HM) 
0.004 0.106 28. 17500) 


Silicious bronze has almost the conductivity of copper, 7, ¢, 7 times 
less resistance than iron, and bronze wires welghing 100 pounds to the 
mile can be substituted for iron wires with freat economy in cost and 
an increase in conductivity. 

Fulmg a Bobhin to a Certain Resistance.—If the outer diameter of 
the coil of wire is to be A, and the inner diameter a. and its length 6, 
the resistance required is R, and 7 is the radial thickness of the Insulated 
wrapping of the wire. The diameter d of the wire which will J] such 
a bobbin and produce the required resistance is found by the equation 

kb( A? — a) : 


d= —{+ 7 4 , Where K is the resistance of a wire 


R 
a.14 : Sees 
or ——, units long and 1 unit in diameter (Brough). 


The ae of wire required to fill a coil is found by the equation 
3.1416b ... | ey . 
L. i (A* — a?), and here d is the full diameter of the wire. in- 


cluding its insulation. Or another formula is: add the thickness of the 
cous to the diameter of the core outside of its insulation, multiply by 
3.14, again by the length, and again by the thickness of the coils (A —a), 
and divide by the square of the diameter of the wire. 

The nu miber of turns of wire in a coil is found by multiplying the 
thickness of the coil (A—a of the previous paragraphs) by its length 
and dividing by the square of the diameter of the wire. ser 

The total weight or resistance is easily found from one of the printed 
tables if the length and diameter of the wire are known. 

E Het of Temperature upon Hesistance—This has to be taken into 
account in some of the commercial uses of electricity, but it is so small 
that it may be disregarded or only approximately calculated in electro- 
therapeutics. The resistance of « copper wire increases about one-fifth 
ot 1 per cent. for each degree F.. or Yes Of 1 per cent. for each degree C. 
that the temperature rises. A German-silver wire shows an increased 
resistance of only one-twenticth of 1 per cent. for each degree C. that 
the temperature rises. 

The Production of Heat in Conducting Wires.—The ohmic resistance 
of & conducting wire is a measure of the power which would be required 
to simply make the current flow through the wire if the wire were straight 
and uninfluenced by any other object. This portion of the power from 
the generator corresponds to the power lost by friction in ordinary 
machinery. None of the electric power so consumed is active in inducing 
other currents or in causing mechanic motion. It is converted into 
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n this way varies directly as the resistance 


the current or amperage. The power wasted in 
F what may be considered the frictional resistance 
+ passage of the current through the wire alan varies cirect|y an ar 
resistance and the square of the amperage. 
Che following formula enables one to calculate the number of horse- 


ee oie he | in the [orm of heat liv the Passe ih 


| 


& Current of ¢lec- 


wa ee 
rricity through a wire: 


HP = as a = ~ O.00134. 


The actual amount of heat generated m a given time, T, 1s equal to 
(RT 0.2405 (gram-degrees). In this formula (* 1s the square of the 
number of amperes, R the number of ohms resistance, and T, the 
number of seconds that the current flows. The product of these three 
factors is to be multiplied by 0.2405 to find the number of gram-degrees 
or calories. One calorie is the heat required to raise the temperature oi 
one gram of water one degree C. 

The Rise of Temperature im a Conducting Wire.—This will depend 
partly on the amount of heat generated in 1t in a given time, and partly 
on the rate at which this heat escapes from the wire. The larger the 
wire. the less will be its resistance and the less heat will be generated 
in it. but there is always some. Insulated wire for the mains and the 
separate circuits of house-wiring should be of such a size that its tem- 
perature will not rise more than 25° or 30° F., no matter how long the 
current ows. A rood empirical rule is that a copper conductor 2 inches 
in diameter will safely carry a current of 2000 amperes, and that the 
safe carrying capacity of wires of greater or less diameter Varies as the 
Square root of the third parwer of the diameter. An example Ol the 
application of this rule would be in finding the safe carrymg capaci) 
of a No. 14 B. W. G. wire, which is about 0.08 inch m diameter. Calling 
the unknown carrying capacity A— 


V O05? <:: 20) 
‘SY = 7 0.08 2000. 


16.08" 2000 2000 x 0.02265 16, 


ae | = — 


: js : : ea ures ai" 
A No. 14 copper wire will accordingly carry a 16-ampere cubn™™ 
without overhestm Fr. 


LENGTH, WEIGHT, AND RESISTANCE OF COPPER WIRE. 
. tr tr NOTH aN garrance axe WEIGHT 
BW. ti, ts Core pater ANCE, Gn res sg MS PouxDs PEE 


FPouxnm FER OHMS FER Porsp. }aEM 
Mirren. Mite. 


435 7 00 OH 217345000 
in ae 3.08 0.01055 4.543000 
id 159.90 4.50 0.02416 41-3920 

17 a0 44.40) } OTD be 0.4404 ; 
3 30 112.62 14.55790 0.068000 
m0 2.30 378.51 164.46500 0.006000 
0.25 3400.00) 13200.0000K) 0.0 2 








7 . a | 
herr i * HONTGEN RALS 
; a r ei THI iy 
ae | MEDI At Laks = ; 


or oper The hest devel acl = 
arp roee by @ Currenti.—Lbe neat Geveloped 
The Heating of Coils af Wire oy @ sand z-ray coils. finds a in 
osely wound wile at wire, a6 ivnaimios ANG Lisi oO] 7, HOS 2 mop. 
closel ‘a | 4 5 ae r . = ractieally ant ie ovijter Surface 
ratively amall radiatmg suriace, Pi: el a DT) eer 
poh 7 ver and a greater rise ol temperature will reaylf. 


i th mtermost is : : 
apoarasea e ‘fe for the wires in the electromagnet. 


+ Tice PF aw tC. 1s considered Stile ! | : 
2 cat ft no (tet rally eneakini®, wires are considered to he over. 
oO: 4 WIL. Fenerauy SPebale oh faa 

a toc hot tor the hand to be kept upon them for « 


a 


hie o rll al i fp & by gear aTt " 2 

heated ve oee tl mie a a i L. | a i‘ | + ot 

minute at a time without ciscomio! t. Bobbins of the same size when 
i a La ba | / BLE fe 0 a 


bers contain a length of wire which 13 
inversely proportional to the square of the diameter of the wire, The 
resistance in such bobbins 1s Inversely proportional to the fourth power 
of the diameter of the wire. lo secure equal re aI IT the bw bobbing 
the current strength in amperes divided oy the square of the diameter 
of the wire should give the same number in both. 

The safety limits are those within which there 1s no danger of injuring 
the insulation of the wires in the coils. Coils in which the wire is 3 
millimeters in diameter can safely carry about 15 amperes; and with 
wire 5 millimeters in diameter, about 60 amperes. 


wound with wires of different eal 


WATIONAL BOARD OF FIRE UNDERWRITERS’ TABLE OF CARRYING 
CAPACITY OF WILIEE. 


Taste A.—Rubber [nsulation TABLE B.—<(hther Insulations 
B.& 5. G. Ampere: Amperes, Circular Mails. 
is 3 5 1,624 
lis 6 s 2 ont 
I4 | 1? 16 4.107 
12 li oS 6,500) 
1) 24 oe 10,350 
5 = 46 16,510 
a] 26,250 
ii an, LOM 
92 41.740 
LO 52,600 
11 iba 0 
107 Lob 3 
Ili LSS 105,<4 0) 
I oa) plas | 133, 100 
Lia 2652 167 S00 
210 : oL2 211,600 


= 


= 
— 


oes 


ses ole i yore for rubber-covered wires to prevent 
wires not from fear of fone ene property by the heat of the 
oe HOY from fear of igniting the insulation. The question of drop 
LS not taken mito consideration in the foregoing tables. 
ae senor ite than No. 14 should be used for resular wiring. 

mil is legs etn sree to the area of cross-section of the wire. One 
of a square hice . of an inch, T07. inch, or 0.001, and the area 
0.001 =0 00000 : Ss one mi on each side or one square mil is 0.001 
inch: 1624 <« Ware at, reacts inch. One square mil is 0.000001 square 
which is 0 001620 a * 15 0.001620 square inch. The area of a circle 
The area of ERE inch s also denominated 16° circular mils. 
mils, or 0.001620 square . cea IS B. and 5. G. wire is 1620 circular 
indicates 0.001 Sage Se mil in the diameter of a wire 


7 a = i BD i | nie alae det T=; 
of a wire indicates one-millio mil*’ in the area of cross-section 


nth of a square inch. 
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to the earth. <A wire 
Ss pend cl ith the air nl & sutheient 
Lhe required distance will depend 
Of potential of 1O.000 volts 
' Causing the Current to break 
gh | | an inch of air. 
enough for all practical purposes, 


djstance iii OLMEr conductors. 
Wren the voltage of the current, a difference 


hetween 4 Wire and another conductor 


fhrough the insulation of about Air insulation is good 
ae A is re . = 1) 4 


) | and is depended upon for telegraph 
wir $, Except cht The Points where the w eirht of the wire must be Sli pi- 
ported. ihe tact that the air Is & poor conductor of electricity and 
may, therelore, be used as insulation, makes the installation and con- 
struction ol elect ric apparatus much simpler than iW every wire amd 
ewitch and binding-post and screw had to be protected from contact 
with the alr. Bare wires may run in grooves in various insulating 
materials, such as marble, slate, hard rubber, or ivory, in stationary 
pOsItIOns, Were they are mot exposed to accidental contact with other 
wires. The connections in the ordinary double-pole knife-switch are 
made in this way. One wire from the battery or dynamo is secured bv 
a binding-post which projects from the face of the slate base. The 
continuation of the circuit is formed by a bare wire laid in a groove on 
the back of the slate or marble base from the concealed end of another 
binding-post, which carries the hinge at one end of the gap, bridged 
across by one contact blade of the knife-switch. From this hinge the 
current follows the contact blade to the contact jaws, goes through the 
metal support to a wire which passes along the under side of the base 
to be secured to the concealed part of another binding-post. A wire 
passes from this binding-post to the apparatus. The return current 
follows a similar parallel path back through the connections om the 
opposite side of the double knife-switch. On the under suriace ol the 
marble switch-board of a cabinet for voltaic and faradic currents there 
are sometimes a dozen bare wires running in grooves and forming the 
connection between the various metallic binding-posts, switches, meters, 
and resistances on the face of the switch-board. “ee as 
The old idea of the earth as a universal reservoir ol electricity me 
which either positive or negative electricity may be allowed. to escape 
and will be immediately neutralized is quite a good one as a ae 
hypothesis. Take the case of an insulated conductor like a single 
telegraph wire: if one end of the wire is grounded, i od 
pole of the battery is grounded while the other Zz nae . 
with the telezraph wire, a current will flow. through t ae lan 
and a meter which may be placed in the: circuit nt Maat the 
tclezraph wire and back through the earth to the ot her po ; C iich 
battery. The nature of the transmission through the eart! <Feial 
receives thousands of different currents from natural a eee the 
sources must be very complicated. The hypo as Te aon 
Caslest explanation is that the earth at any point stands Ee bain i 
4 deficiency in either positive or negative electricity, ie ape are 
surplus of either kind. Demonstrable currents 0! tite” 4 these 
yl eat 4° d of a grounded wire, and these 
produced in the immediate neighborhoo Een lectrolysis in the 
are the ones which destroy gas- and water-pipes by electrolysis in @ 
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ive force from a batterv of *“) cells will send a total current of 
only about 75 milliampere through all the different slight leakage 
points of a mile of telegraph line. 
The Resistance of Glass and Porcelain [nsulafors.— This 1s execedingl 


and for electrotherapeutic Purposes these substances may oe 


romotive force of the battery m volts by 
The standard tmsulation resistance of 
rh 


kage current m amperes. 
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wh lines is 200.000 ohms per mule. For matance, the electro- 
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rreat, 
regarded as absolute non-conductors. ; 

The Insulation Resistance of Gutla~percha.—This material 1s water- 
proof, and when not exposed to the air, is very durable. Exposure to 
air and light hastens oxidation. Wires msulated with 1t and contamed 
in lead tubing or submerged In water remain perfect for years. It has 
considerable tensile strength, resisting a traction of 1000 pounds per 
square inch of section before permanent elongation takes place, and 
having a breaking strength of 3500 pounds per square mch. <A gutta- 
percha insulating covering on a wire adds more than enough tensile 
strength to a suspended wire to sustaim the addition of its own weight. 
The electric resistance of gutta-percha varies a great deal with the 
temperature. It is 24 times as great at 32° F. as at 75° F. The 
insulation resistance at 75° F. of the gutta-percha covering of a mile 
, megohms. Here D is the outside diameter 
of the gutta-percha in mils (0.001 inch), and d is the diameter of the 
conductor in mils. So that the insulation resistance In megohms 
(1,000,000 ohms) of a mile of gutta-percha-covered wire is equal to 920 
times the logarithm of the number found by dividing the outside 
diameter in mils by the diameter of the conducting wire itself im muls. 
Wires from No. 18 to No. 16, if insulated by gutta-percha or rubber, 
which has much the same properties, require a coating at least y4, meh 
thick, and should have an insulation resistance of at least 100 megohms 
per mile at a temperature of 70° F. Nos. 15 to Srequire an msulation 
gq; Inch thick; and Nos. 7 to 2 an insulation ;'; inch thick. These are 
tor voltages between 0 and 600, and for electrotherapeutic purposes 
gutta-percha and rubber may be regarded as absolute non-conductors. 

The Electrostatic Capacity of Gutla-percha Insulation.—A wire with 
an insulated wrapping forms a condenser. The metal forms the inner 
armature, the gutta-percha the dielectric, and the surrounding sub- 
stances the outer armature. When an electromotive force is apphed 
to the metallic wire, the primary effect is to charge this condenser, and 
then later comes the passage of a current through the conductor. The 
capacity of a condenser depends partly upon the size of the two arma- 
tures, or outer and inner conducting coatings, but also to a very great 
extent upon the material, size, and thickness of the dielectric. The 
dissected Leyden jar (p. 25), in which the charge remains upon the 
glass after both outer and inner coats are removed, illustrates this fact. 


of wire is equal to 920 log. 








‘LECTRICITY oant 


Om US40) to O.3945 microfarad per 
Sele Ditnna Hain mraéece ff 1 vie 
ot A the small fiers at Beas hike re ameter of the metallic 
he the metallic wire, 
limite the rapidity with which in 
full streneth of the 
An equally Sliden 


| ies = a 
Lie Wh Lire 


= only rs 
EY oe outsule diameter is 4.50 
mi The electrostatic capacity 


a ee ae | 5 
LP se Ce he Seni throuch 


Current 15 TMichenty 


turned] on. 
Imm pale produced aa ee Pid | 


i part of the 
a | OCCuUIrChcCe Ti the distance from the 
delay duc to the distance traveled by the 
lcctric impulse, at the same rate as that of light. about 185.000 miles 

, ei a i. there Is delay cic io the | te See 


she conductor and its diclectric 


zn 
wrest i] 


KITE | 
cor. BKBesides the 


tact that the condenser formed by 
ar ray and the surrounding media must be 
fully charged Oetore the full strength of the impulse can reach any distant 
part of the tte. I he result 1S An impulse represented praphically by a 
slanting INSsicad OF & perpendicular lime. The same phenomenon Occurs 
when the current 15 turned off. The electric tension at anv part of the 
wire does not suddenly subside at a period of time corresponding to its 
listanee [rom the generator, but subsides only fradually as the con- 
denser charge 1s lost. If the successive impulses are too rapid compared 
with the electrostatic capacity of the wire, the condenser charge does 
not have time to disappear between impulses, and an approximately 
constant current 1s the result. In telegraphy this limits the number 
of signals which can be transmitted to those corresponding to 135 
words a minute. Wires used in electrotherapeutic apparatus, if of 
sufficient length to possess an appreciable electrostatic capacity, are 
almost always used im the form of coils, and in these the effect of other 
inductive influences overshadows that of the electrostatic capacity of 
the wire and its insulating material. 

The Loss of Insulating Properties by Marble and Hard Rubber —lIt 
will sametimes happen that a high-irequeney Apparatus will Ree 
work in consequence of the fact that the marble front or top w *s 
forms a base for the binding-posts leading from the outer coats Ol re 
Levden jars to the resonator, and for the binding-posts leading reap 
rar conte af the Levden jars to the spark-gap, has lost its insulating 
Inner coats of the Leyden jars tot park-gap, er he absorption 
properties. The commonest cause of this eondit wee = - ae Saauetae 
of moisture by the marble, and its becoming thus = Se ike marble 
of electricity to allow the high-tension aeons ee This. may occur 
instead of being compelled to cross the Jegares y be due to the 
spontancously in warm and moist climates. ae aiter are half full of 
escape of moisture from the Leyden Jars when eae eye The most 
some liquid, like salt solution, forming eng et d in the nitrous fumes 
important cause of absorption of moisture 13 if bigh-tension electricity 
which are the accompaniment of discharges 0 ‘the Leyden jars and 
through the air. This condition will occur ie of the case contaming 
the Spark-gap and resonator are entirely ater : nid in the Leyden Jars, 
the ena. It oceurs without the presence ol a Ehoard: The marble 
and also with a wooden or 2 hard-rubber swite ly if the surface is 
Jab shows this condition to the eye; Paha finger can rub off a 
unpolished. It looks wet and streaked, mah better than cure In such 
salty or acid-tasting deposit. sole rene a conductor, It 1s Very 
4 Case, since after the marble has one py again. Four ays’ baking 
difficult to make it an effective insulero” "* 
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lt cannot yet be stated positively whether this disagreeable accident 
Is due to ordinary chemic processes entirely, or whether it is due to th 
process of ionization of the marble itself. whereby it has permanently 
acquired the property of conducting electricity. In the first case. we 

may he ahle ci dissolve Olt the disturbing chemic (ri IMpouncs hy SKIN 
In some solution and then drving the marble. In the sccond place, we 
shall have to adopt the present plan of discarding a piece of marble 
which has once become a conductor. 

In the case of hard rubber the surface attracts moisture and dust. 
and besides undergoes a carbonizing process in the presence of hizh- 
frequency ciiluvia, so that this substance is not more Permanent than 
marble for the purpose under consideration. 7 

(slass Mav prove to he successful Since, 20 far as known, the changes 
which it undergoes affect only the surface, causing a certain rouehness 
which favors the deposit of metallic nitrates and dust and moisture. 
Its insulating qualities are probably restored by washing the deposit 
off the surface. This has not been definitely settled yet. 

The peculiar character of the current which we have to control in 
this case is shown by the fact that a vivid white spark will often be scen 
at a binding-post. The screw may be turned down as tight as possible, 
and still the thin film of oxid between the two metal surfaces will offer 
sufficient impedence to cause the current to leap across an air-space of 
an appreciable fraction of an inch. 

A lightning arrester is always required when wires enter 9 buildmg 
above ground. It is an arrangement for leading a charge of high- 
tension atmospheric electricity to the ground, instead of allowing the 
current to pass into the house along the wires, with danger to the 
instruments, house, and occupants. The general principle is to have 
an insulated wire, as heavy as No. 16, thoroughly well grounded, and 
terminating in a metal plate with saw teeth supported upon the same 
msulated base, with a similar metal plate which forms part of the 
electric supply circuit. The sharp points of the two plates are bare, 
and only a fraction of an inch apart, but normally none of the current 
will leave the electric cireuit and leap across the non-conducting air- 
fap between the two sets of points. The high-tension charge of atmos- 
pheric electricity, however, with its enormously high frequency (millions 
of oscillations a second), flashes across this space and is safely led to 
earth. It is true that the ohmic resistance of the air-gap 1s infinitely 
freater than that of the wires in the various instruments, but the hich 
tension makes it possible for the at mospheric electricity to overcome 
this resistance. Currents of extremely high voltage and extremely 
rapid oscillations are subject to an inductive impedence which will 
cause them to leap a considerable air-space and follow the shortest 
pate rather than follow a long conducting path, even though the latter 

as ample carrying capacity. Another form of lightning arrester is 
made by wrapping half a dozen turns of insulated wire around the 
électric-light wire before it enters the house. The other end of this 
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Fig. 159.—Westinghouse electrolytic lightning arrester. 


operating voltage will be prevented from passing into 
the house circuit (Fig. 159). The principle is the 
same as in the familiar electrolytic interrupters used 
with z-ray coils. 


VALUES OF ENGLISH AND METRIC MEASURES. 


One meter 3.2309 feet =39.37 inches. Fig. 16).—Cen- 

(ne centimeter =().3937 inch, or about +4, inch. tigrade and Fahr- 

Une millimeter (0.001 meter) =0.03037 inch, orabout J,inch.  enheit thermomet- 

One kilometer (1000 meters) =about 4 mile. rie scales. 

One gram = 15.432 grains (Troy). 

One kilogram (1000 grams) =2.20 pounds Avoirdupois. 

One cubic centimeter (1 ¢.¢.)= (0.00108 enbie inch 

One liter (1000 c.c.)=61.03 cubic inches =0.8804 quart. 

One degree Centigrade =? degree Fahrenheit. 

O° Centigrade «32° Fahrenheit =[reczing-point of water. 

100° Centigrade =212° Fahrenheit =boiling-point of water. 

100? Fahrenheit = —37.8° C. 

oo” Fahrenheit =3.8° C.=<maximum density of water. : at 

O°? Fahrenheit =15.5" Cent.—temperature at which electric resistances are 
Helally measured. 
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change in chemic composition or in temperature or other conditions 
duees a change in electric resistance. [bis fact is illustrated m the 
wonderful manner by the conductivity of water and aqueous 
eolut especially of acids and salts. Taking the condu LIVIt} cl 
silver as 1. that of the purest distilled water 1s about ; OOOO Dost enue 
a solution of sulphuric acid one to six of water, has a conductivity about 
Pao, O00 
Od, O00, Oo | 
electrolyte in the liquid interrupter for z-ray coils. The smallest 
admixture of anv other substance multiplies the conductivity of water 
to a perfectly enormous extent. The electric resistance of a disk of 


that of silver. This ts the solution which is used as the 


= = 
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nure water 1 millimeter thick is as great as that of a rod of silver of the 
same cross-section, but twice as long as the distance from the earth to 
the moon. One electric resistance which has to be tested mm clectro- 
therapy is that of the insulation in different parts of the apparatus and 
in the covering of the wires. Another 15 the internal resistance of the 
batterv. These two tests are sufhciently described on pp. 88 and 227. 
Another is the resistance of the wires themselves, while others are those 
of the living tissues, especially the skin, which ts highly resistant, and 
the resistance of physiologic fluids, such as the urme and blood. 

Ohm’s law, that the current in amperes is equal to the electromotive 
force in volts divided by the resistance in ohms, furnishes the basis 
for every caleulation in regard to resistance. The resistance is equal 
to the electromotive force divided by the strength of the current 

E; 
= —— 
( 

Testing Resistance by Simple Substitution.—An unknown 
resistance, R, is connected in series with a constant battery and a 
galvanometer, G, and the current strength is noted. Then a standard 
resistance, R’, is substituted for the unknown resistance, and 1s varied 
until the galvanometer shows that the current strength is the same as 
In the first instance. Then R—R’. 

It may not always be practicable to vary the standard resistance so 
as to make the current equal to the one to be tested, and in that case a 
calculation is to be made, based upon the relative strength of the current 
with the two different resistances. If d is the deflection obtained with 
the unknown resistance, and a’, that obtained with the standard resist- 
ance, and G 1s the resistance of the galvanometer (it is necessary to 
know this), and the internal resistance of the battery is so small in 

7 F 
comparison with R, R’ and G as not to be considered; then R=-5 
(R’+G) —G. 

The standard resistances used in the foregoing tests are obtained by 
the use of a resistance box. | 

it if necessary to take precautions to secure joints as free from 
resistance as possible or the results will be vitiated. The ends of the 
wires should be scraped free from oxid or grease, and where delicate 
measurements are attempted, the different contacts should be made by 
dipping the ends of the two wires into the same cup of mercury. | 
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f , a "sensitive galvanometer. ae OF an opparatus 
meter, lor example, with a high resistance as compared with the resi 
ers nich i3 to be tested. FE is a constant current battery, such 5 
nee! a ye eee Me . Is a key by means of which the eareaii 
closed OF opened. - 15 the resistance to he measured. and tha 
be made as in the diagram, by 
mercury cup, or the wire may be soldered to the other wires 1B? Ge; 
standard variable resistance, Such as a 100 cm. of German-silver = 
of a Certain Shee, with a known resistance per centimeter. There 3a 
ver periect electric connection between the for resistances. A double 
pole SWiItth, not Show in the ciaeram. makes eqther the Sine kcd 
shown by the heavy lines in the diagram, or that shown by the dotted 
lines. In the former case the galvanometer is in shunt to the standard 
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Fig. 161.—Measuring resistance by testing difference in potential. 


resistance Rk’, and in the latter case to the unknown resistance R*. 
R* is to be varied until, as we turn the switch, making alternately one 
connection and then the other, the same amount of deflection is pro- 
duced. Then R?=R’. In other words, the resistance utilized at R’ 
indicates exactly the resistance of the object which was to be tested. 
T he adjustment may be made by varying the length of the wire which 
is to be tested if it is a wire, and im such shape that a sliding contact 
may be had with it. The original 100 cm. of the standard resistance 
Wire is unvaried, and we find how many inches of the unknown wire 
have a resistance equal to that of 100 inches of the standard wire. 
From this it is easy to ealeulate the resistance In ohms of any desired 
length of the wire under test. ie 
This method, by means of comparative difference In potentzal, a 
adapted to measuring the resistance of a short wire, or such:a resistance 
as occurs at the contact between the brushes and the commutator section 
ii a motor or a dynamo. a > ic i ee 
Generally speaking, the resistance of different physiologic tesucs 
and fluids is so great as not to be conveniently measured by this method. 
Measurement of Resistance by Wheatstone’s Bridge—This & 

on a very similar principle to that of the measurement of the electro- 
motive force by Lumsden's method of opposed electromotive forees. 





MEDICAL ELECTRICIT’ Nt RONTOERN RATS 


ineram (Fig. 162) shows the general arrangement. ' ine of the 


atk 


ies from a constant current battery, E, divides into two paths, A and 


having fixed resistances. The other wire from the ba 
hi : standard resistance, RK: and 

which is to be measured. A 

i, 

13 


. , 
ry clividles 


' at the point 1 in the disarran 

wire from B to one from R 

at 2. wiween the points l and 2 i 

a cross Wire with a galvanometer, G. 

The current being turnec| on, there 
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La nding Ta schicl % CUTE nt through the 

galvanometer toward 2: and at 2 

there th ill he aM electr ETM ive Force 

tending to send a current toward 1. 

The fixed resistances and the var- 
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Fig. 162.—Wheatstone’s bridge used galvanometer shows MN deflect HOE. 

for measuring resistance. When this is the case, it 1s capable 

of demonstration that the followmeg 

relation exists between the different resistantes: A:B-: R': Bt 

Consequent ly A K?=B6 HK’, and the pre wlucts of opposite sides of the 
bridge are equal to each other. Therefore, R?=R!- ; 

B and A are sometimes equal, and in that case R?=R'. More often, 
however, b 1s 10, 100, or 1000 times A, and then we must first find R? by 
adjusting its resistance until the galvanometer shows no deflection, and 
then multiplying the value of R' by 10, 100, or 1000, as the case may be. 


lle 


Fig. 163.— Drop in potential along a uniform resistance proportional to distance between 
two poles of a battery. The Wheatstone bridge iy th alert. 


On the other hand, the unknown resistance may be so amall that it will 
be desirable to make A 10, 100, or 1000 times the value of B. In that 
case, having found the value of R', this value is to be divided by 10, 
LOO, OF LOCH), for HR bears the le relation to that 13 hears te A. ; 

Still another condition may Occur, It mav not bee practicable to 
secure an exact balance, shown by the absence of deflection in the 
galvanometer. The amounts of deflection with the nearest available 
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Pig. lit.—Another example of the conditions in Fig. 162. 


of the electromotive forees at the points from which the ralvanometer 
circuit Is derived may be illustrated by the diagrams (Figs. 162 and 163), 
Fig. 163 shows a difference of five volts in potential between the 


point marked Cu+at the positive end of the bridge, and the point 
marked Zn — at the negative end of the bridge. tepresenting electro- 
motive force as height, we should have Zn — at the zero level. and Cu + 
at a heiht of five units (representing ohms). The line joining these 
two pomts represents resistance, and the point P has 50 ohms between 


Fig. 165.—Student's rexistance box. 


If and 4n—, and 1200 ohms between it and Cu+. In other words, 
2 @ point along the circuit separated from Zn — by only one-twenty- 
fth as much resistance as there is between Cu-+ and Zn—. According 
to very well-established principles, the difference in potential between 
F and Zn— is only one-twenty-fifth as much as that between Cu+ and 
4n—. The clectromotive force at P is, therefore, correctly represented 
by a height of 0.2 unit (equivalent to 0.2 volt). 





LELCTHICIUTY AAT HOATOEN HATS 


ig. 104, we roo the same potential at Cu+ (five 
il ctlyween PF" anc tl (0) ohmea) is 
ie ony 
Pe at P and P* when the four resistances 
jons to each other, and having the same potential 
ccurs net Ween P and ate 
nce Box. Biri ‘fixed and variable resistances en ployed 


. i 7 . 
: a " 
ri ey ey Ee 2 j ae =a = = i ig 4 Lra@m 
roe ERGs L, q i hh | i I LT 
1 . = 


introduced int the tee cuit 

fo ui iat ] i r anc in other cases i 

pulling a plug out of a hole, and in still other 
Cases there fh re slic ne COnLACTS ny which the 
resistance 16 ¢hanged. These resistance 
coils, of course, have a tend iency to heat up, 
bu [ this 1 1S hot danger MSs. both Cause the CUrre nt 
Is usually a small one obtained from a rey 
Damell cells and measured in milliamperes 
rather than in amperes, and it is turned on 
only fora short time. A res istanc e coll of 1000 ohms might consist of 
G51 feet of No. 31 German-silver wire (+4 inch in diameter). and 
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Fig. 166.—Hesistance coils 


larger anc ioe WIre. : 


APPROXIMATE RESISTANCE OF GERMAN-SILVER WIRE 
B. W. G. DiaMETER. ResisTANce. 
cd. [scHEs. Mou.wiMercns. Onws rer Foor. Onws' rex Meer. 
(4 0.200) 5.050 0.0060 0.0125 
or 0.160 +.14M) 0.00635 C1 cs 
10 0.136 é. 454) 0). 00a) U.0270 
F 0.107 ae pe O.0130 WATS ST 
0.050 2 030 0.0230 L.O770 
0.50) 1.270 0.0) 0). 14380 
0.05 0.14 0.0890 O80) 
O.022 Os 0 S100 Bie LL 
O.OLS Uh. Loe O.465 vent 
COLO ).204 L mF) 
O.007 i) LOG 0 UO 3] 0000 


The resistance of German-silver wire is about 13.5 times that of 
copper wire of the same size, 

Testing the Resistance of a Galvanometer.—If another galvano- 
meter is available, the Wheatstone bridge is used. The galvanometer 
Whigs resistal ice is to be tested is placed in the position of KR? m the 
dia-ran (Fig. 162), and the other galv anometer in the cross circuit of 
the ‘yried ex <¢. The resistance of the unknown galvanometer with or with- 
OU. % Sunt is then tested as if it were any other resistance. 

Thomson's (Lord Ra: yiewh's) method is useful when there is no other 
falvanometer available. A Wheatstone bridge is used (Fig. 167), and 
the fuvanometer to be tested is Placed im the ordmary posit ion of the 
unknown resistance. At the Hace upon the eross circuit where a 
ralvanometer 1s ordin: aniy placed there is none, but instead there is a 
key for opening and closing this cross circuit. A and B are fixed 
resistances, and KR! is varied until the deflection shown by the gal- 
Vanometer is the same whether the cross circuit is closed or open. 
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To Measure the Internal Resist- 
ance of a Battery.—The simplest 
and readicst method is illustrated 
in Figs. 165 and 169. The batter 

two short heavy copper wires, 


ralvanometer ww shunted bv 


tn 


] ‘i a 
thick copper wire. so that 


= nn ip 
‘resistance of the conducting cords 


, the joint resistance of 
5 
the galvanometer and its shunt, may 


be neglected. These resistances ore Fig- 1s Measuring resistance of 9 
to be very small m comparison with Saber Gel ayaiiotde: 2) ee 
the internal resistance of the battery. 

The current is turned on, and the deflection of the galvanometer is 
noted. Then a resistance is introduced at R, and is vaned until the 
galvanometer indicates only half as strong a current as before. Simce 
the current is only half as strong, the resistance must have been 


doubled. Therefore r (the battery resistance)+R=2r. And r=R. 


i —_ 
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Figs. 168 and 169.—Measuring internal resistance of a battery- 


Testing Electrostatic Capacity—The static charge on an insulated 
conductor may be measured by discharging it through a ballistic Ee 
vanometer. The latter is any galvanometer in which the movable part 
Ls heavy enough tO cause a serics of pendulum oscillations In saan ee ese 
of a momentary discharge. Such an instrument must be <igepety 
by experiment with standard quantities of electricity, and this Is hit 
by discharging known capacities charged to known potentials ehrOUE ; ; 

Measurement of Electric Capacity—This may be done & 
charging the body toa known potential, and then measuring ee EOS 
of electricity by discharging it through a ballistic galvanometer. 

A certain amount of electricity may charge a body of large mas t 
to a low potential, and have very different properties faotey: m t a 
it produces no noise or shock when discharged) from that pth" 

! A body of a known capacity stores up four times os much electricity if charged 


to twiee the potential. The charge varies directly as the capacity and as the aqua 
af the potential. 
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The difference may | ken 
heat which, when absorbed by a pint of water, will not warm it per- 
eptibly, but if applied % 
searing the Hesh. 
Condensers.—Leyden jars and the many-leaved condensers of 
induction colls nave aa dehmite capacity which dep niis partly upon the 
nature, size, and thickness of the armatures and of the dielectric sepa- 
rating them. Every object, solid liquid, or gas, which can receive an 
electric charge has 9 certain capacity, and exhibits the proper es of a 
condenser to a greater or less extent according to circumstances. A 
submarine cable, for Instance, has a large electrostatic capacity which 
shows itself in two ways: first, it takes an appreciable amount of elec- 
tricity and a certain lengt h of time La charge it. to such an extent that 
it begins to act as a conductor and deliver current at the other end. 
second, when the current is turned off, the cable has a certain charre 
which causes it to continue to yield a current for a certain time. The 
currents through the cable do not, therefore, berin and end with the 
sharp click of the transmitter, and the rapidity with which signals can 
be sent through it is limited. Coils of insulated wire are used as capaci- 
ties In connection with certain electric transformers. Leyden jars are 
usually charged with very high-tension electricity. renerated by a 
static machine, and receive, therefore, a magnitude of charge which 
is quite wonderful when the small capacity of the jar is considered. 
The Leyden jar or some equivalent thereof with a perfect and practically 
indestructible dielectric is the type of condenser that must be used for 
charges of very high potential. The capacity may be increased by 
using a larger Leyden jar or connecting a number of Leyden jars and 
charging them all at the same time. There are two principles upon 
which Leyden jars may be connected. They may be connected in 
parallel, all the inner armatures being connected to form Ome pole, and 
all the outer armatures connected to form the other pole. The capacity 
of the condenser thus produced is equal to the sum of the capacities of 
the individual Leyden jars. The other way is to connect the inner 
armatures of one jar with the outer armature of the next. and the inner 
armature of that with the outer armature of the next. and so on. This 
is called a series connection, and the two poles of such a condenser are 
formed by the outer armature of the jar at one end of the series, and the 
imner armature of the jar at the other end of the series. This is an 
drangement similar to that in which Levden jars are charged by 
cascade. The capacity of a condenser made up in this way is equal to 
the reciprocal of the sum of the reciprocals of the capacities of the 
individual Leyden jars— ; 
——————EE—E— 
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A Leyden jar with a total coated surface of 1 square meter and with 
glass | millimeter thick has a capacity of 2, microfarad. The capacity 
of the Leyden jars used in high-frequency apparatus is about 0.0018 
“a wa of three such Leyden jars connected in series the capacity 
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Fig. 170.—Standard condenser. 


capacity. puch a standard capacity of 4 microfarad may contam 
1200 square inches of tin-foil in small sheets separated by parafhn 
paper. The same battery ts used to charge first the standard condenser, 
and then the condenser whose capacity is to be measured. The standard 
condenser is discharged through the galvanometer, and the amount of 
deflection, d,, is noted. Then the condenser with an unknown capacity, 
C,, is discharged through the galvanometer, and its deflection, d,, 


is noted. Then— 


r 
n 


- dad, 2 a 
Ae 


Or + = Cy d, 


Thomson's (Rayleigh’s) Method af Testing the Capacity of Condensers 
and Conductors —The capacity to be tested tor eleciroeners pens 
purposes may be that of the secondary winding of am 7-ray Co _ 
transtormer. mel ve 

The Apparatus Required (Fig. 171).—E is a battery of apo a 
Daniell or other constant voltaic cells. This must be well msulates 


from the ground, as well as between its two opposite charges. ican 


Key! is a key by means of which the circuit 1s made or broke 


to one pole of the battery. 
Key | is a key by which the circuit is made or broken yarns ey 
battery, and one end of the coil of wire whose capacity is to be tested 


The latter ig marked col. 
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apacity is 0" expr Sr In microlarads, and whose other clectrode is 
unded. 

From a point between the battery and the standard condenser a 

line erusses to the earth through iH". whieh i a Tariable resistance 

From a similar PA dmt on the eir- 
cult from the battery to the coil 
side line passes to carth throuch R?. 
which is a fixed resistance. 

(a, the Falvanometer. Ls on & 
line ci mneeterd at one eTitl with the 
junction of these two resistances. at 
the point where they are fastened to 
a ground wire, and at the other end 
with the circuit between the standard 

Span ol condenser and the ect. 
Pig: 1fi.—Testing the enpacity of a coll. Aey* makes and breaks the onl- 
vVanometer circuit. 

The test is made as follows: 1. Close kei, then V' and V-: may be 
the potentials at-the points of junction of the battery wires with 
the resistances R' and R? leading to earth. The current is the same 
th ri Wweh the battery ric through both resistances. Since these are im 
series. The wa ltaze, therefore, must be proport ional to the resistance. 
and we have 


yoo Yo. : RR! - «~ Re 


2. While key' is still closed, close key? and kei simultancously 
for a fixed time, cha rzing both the capacities. The standard con- 
denser C' is charged to a potential of V', while the capacity CG to be 
measured is charged to a potential of V". 

Key and key which lead from the free ext remity of the coil to the 
condenser, have been open during ths time, and the proximal electrode 
of the standard condenser has been connected only with the negative 
pole of the bat tery. The capacity to be measured has been connected 
only with the positive pole of the battery. The proximal armature 
of the standard condenser and the capacity to be measured are, there- 
fore, charged with negative and positive electricity respectively. 

The quantity of negative electricity received by C' is Q'=V'C", 
while the amount of positive electricity received by © is @= VC. 

a. Open ker anid ker. cutting off all connection with the battery. 
Close key", allowing the positive and negative charges of C? and C' to 
tix. Their potentials are. of course, immediately equalized, and if the 
quantities are equal, both charges are neutralized. Open kei to test 
this. The occurrence of a deflection indicates an excess either of 
positive or negative electricity in the combined capacities, and another 
trial rust be made with another value. to the Variable resistance Ri. 
his is repeated until a complete equality and neutralization of the 
charges in the two Capacities are indicated by the absence of deflection 
In the galvanometer. We now have the factors for the caleulation of 
the unknown resistance. These factors are the resistances of the two 





i ri ® | a H : 
ore at 


nine the voltages raorciieecl « 
(Ie Capacity is like a eqiinreece) | - Gantity of elec. 

ty can be foreed inte tt and «cn to ee ee Just 20 much 
: rt “a ehE Ite wi compictely Hill or chnrioe if at a 


nre I it } 
ich can be foreed in and will he 


to . 
=~ 5 I so 
' a 1 aPLOT lay] 1 Cif Te TET) wee 
hk Li bs oa ry} 
- 


fully Le f ed ee a 13 ~ * _ i 

i — Ah 4h Witt Lat Iressa] . 
this will produce the enee<’f..! we  PECSaUTE. 0 less amoun 
= we [pl agin en SPecined DPCSSure Li the COoncden ins OUT 
TOMOWING 18 the caleulation: jgpces on 
V2? CThie cri a ta? mas om r i 

= LS , = 1 hail Li i ar if Cleetricity . a = a 

= ie | os z he ee vim the ten eanscett. 
An rain Lamia + » trmllea<w. = a : - aPAC ILS 
| from this the following proportion is obtam ea. 


Ve oes oo 
known that— 


HF : eget C : C , and from this 
if 


‘ = R? * ( microfarad 
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= Bees Z his sey Pacers eae sae he ota OF condensers 
tory work. = tecurabe and readuy available for labora- 
| poe Ol Leyden Jars of equal capacity connected in paralle] has 3 
combined. capacity found by multiplying the capacity of one Leyden 
Jar by the num ber of jars. i he same jars connected in series have 4 
pitt capAEIS) £ which is found by dividing the capacity of one jar 
by the number of jars. : 

_ Other different combmations may be made corresponding to the 
multiple-series and series-multiple arrangement of voltaic cells in a 
battery. These give any desired capacity, large or small, if there are 
a sufficient number of Leyden jars available. 

Ktochefort’s monolith condenser is exactly analogous to a Leyden jar 
containing the same number of square inches of metal foil, and separated 
by the same thickness of glass. But a flat glass plate considerably 
larger than the armatures is used instead of a jar, and the distal surfaces 
of the armatures are covered by glass plates which extend beyond the 
metallic surface, and are soldered to the dielectric glass plate by a cement 
having practically the same composition as the glass. The condenser 
is practically a solid sheet of glass, containing in its interior two metal 
plates separated from each other by a certain thickness of glass. At 
Opposite points on the periphery of the glass there are metallic con- 
hections from the two armatures. This method of construction prevents 
the leakage of electricity which takes place all around the edges of the 
armatures in a Leyden jar, and which is visible as a violet-colored 
light and as a regular crown of violet-colored sparks at the moment of 
discharge. The armatures in the monolith condenser present mo 
visible evidence of activity. As made by Rochefort, there are only a 
few small luminous points between the glass plates where the contact 
8 not absolutely perfect. These places are miniature Geissler vacua, 
ind do not cause any demonstrable loss of electricity, and do not tend 
to enlarge. The armatures are of copper foil, and are about 6 inches 


' Annales d'Electrobiologie et de Radiologie, Lille, France. February, 1906. 
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assuming that the Condcnsers are all pineo! 

the binding-posts of th cy armatures in the 

es may be turned toward one side and those of the lower 

natures turned toward the opposite side (Fig. 172). A simple metallic 
tI m binds together all the connections on one side, and forms 

a condenser having a capacity equal to the sum of the 


all the separate couples, while all the lower plates are bound 


Fig. 172.—Rochefort's monolith condenser. Usual parallel connection. 


together in the same way to form the opposite pole. These condensers 
can be equally well connected up in series. Turn the binding-posts so 
that in the connection from the upper plate in the first condenser shall 
be toward the right, and from its lower plate to the left: and that from 
the upper plate of the second condenser to the left, and from its lower 
plate to the mght. The connection is made from the lower plate of the 
frst to the upper plate of the second couple at the left of the combined 
condenser; and from the lower plate of the second couple to the upper 
plate of the third couple (Fig. 173). l 
Levden jars or Rochefort’s monolith condensers are used for the 
extremely high-tension charges of the static machine and high-frequency 


apparatus, because glass forms a highly resisting dielectric, and is not so 


hable tO puncture as paper, wax, or mica, and is freer from imper- 
fections. The glass wall of a Leyden jar or the layer of glass between 
the armatures in the monolith condenser will resist the electric tension 
required to produce a 6inch spark through the air, but if a puncture 
does occur, the discharge melts a path for itself through the glass, and 
this usually destroys the condenser. Other dielectrics sometimes 
used for high-tension condensers are oil and compressed air or other 
gases. ‘There are two chief requirements in the case of a non-conducting 
layer used as the dielectric of a condenser for high-tension electricity 
—one, inductive capacity, and the other, impenetrability. 

The condensers uzed for the primary current of induction coils and for 
other currents of low tension and great volume consist of a very large 








AITO re 

WuAre Yaris 
Paratec irom euch 
Nnere 13 not the 
irrents. The 
miler heat and 
be concealed m the base 
: 2 CONMENSEr Usunadly 
SuUriAce or parallel, so that 


metal sheets nropect at 


Such ss 
| eet Be! 
the first and the 
One eTli. ancl Ht #1] 
| : and really form a single armature 
aS Tora = = aw 5 Ld jie | f = Sahat 
tee surtace. The other set of metal sheets. the 
, SIXTH, €tc., project beyond the other edge of the paraffin 
United ty : TET 


i 
bl One clectrode, a) 


ry ee 4 int a = a 1 - 5 
. Single electrode to form another Single 
= Ss 


| 
| 1 1 | ig i ' ay - i i = ree a | | f: "ny. 
a . La et ce | inal 5 LT ra ! E = 


Tae a way the construction of sucha 
condenser, With tae two opposite sets of metal sheets interlacing and 
= Feen any metal sheet with any of 
pposite set. In actual construction the metal sheets ; 


ner, there Is OO aif-Space —only the thickness at 
n them. The external extremities of each set 


Fig. 174, A, shows in ud diagrammatic 
dp 
LS 


parathne fl paper preventing contact betwee 


are much 
7 the paper 
Of metal sheets 


Se =" Foraf fine bober 
ee ere rl 
Fig. 174.—Condenser for induction coil. 


are not joined by a cross rod, as im the diagram, but are pinched together 
by a metal clamp. There are many more of the different layers than 
are shown In the diagram. j 

Fig. 174, B, has been devised by the author as a convenient dia- 
Frammatic representation of a condenser. One set of metal sheets 
connected with the negative pole of the electric generator interlace with 
the set connected with the positive pole. The dielectric Separating the 
two sets of metal sheets is represented by the space between them in 
the diagram. a 

Charging and Discharging a Condenser—The familiar process af 
charging a Leyden jar is shown in Fig. 1/5, where one electrode (trom 
the internal armature in the diagram) is touched to the positive pole 
of a static machine and the other electrode (from the external armature 
in this particular case) is connected with the negative pole of the state 
machine or with the ground. In the co ndition shown in the diagram 
the Leyden jar is charged, its inner armature with positive and tts outer 
armature with negative electricity. , , Jones 

Analogous to this is the condition of the many-leaved pee 
shown diagrammatically in Fig. 176. A direct connection exists ries 
the negative pole of a voltaic battery and one electrode of sent 
denser, whose leaves are, therefore, charged with negative electri iy 
The other set of metal leaves are charged with positive electricity 5Y 
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from its positive electrode through the conductor, through the battery 
and through the other conducting cord to the negative electrode of the 
com lenser. The path thus deseribed correspends wrartle with the 
discharging rod by which a Leyden jar may be discharged. Fig. 177 
ehows how such a metal rod. held by an insulated handle, may be applied 
to the two electrodes of a Leyden jar, and allow thé current to flow 
between the two until the positive and negative charges are neutralized. 
_ Here as well as elsewhere the direction taken by the positive charce 
= called the direction of the current. : he ee 
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‘a ate seth a similar case to that in Fig. 176, except that there 
closed rater at i enen S Op st if this diagram, but which, when 
open cira3h complete circuit for the bat tery. The interrupter being 
f th, ie & no current Howing, but the positive and negat ive plates 
sa pecker are charged with electricity. 
First Bee pc erupts as in Fig. 179, a double effect is produced. 
rics eg mdenser becomes discharged by the passage of a current 
nS Positive armature through a short conducting cord to the 
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Fig. 179.—Condenser discharring when Fig. 180.—Condenser 
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If, now, the interrupter opens as in Fig. 178, the battery current 
continues for a short time, not making a complete circuit, but flowing 
into the condenser until it is fully charged. Then things remain as 
easy in the first reference to Fig. 178, until the interrupter is again 
lke Bffect of a Condenser Upon the ,-—“Ska—., AG 


clos 
Primary Current of an Induction Cot!.— 
The diagrams in the preceeding paragraphs 
have been devised by the author a: a pre- 
liminary to those illustrating conditions in 
actual practice. : 
Fig. 180 shows the condition when the 
interrupter is closed. The condenser 1s 
not charged. A current flows from the 
positive electrode of the battery through 
the conducting cord, through the primary : | 
coil and interrupter and conducting cord Fy 351—© Scie 
to the negative electrode of the battery, pebaa OPT ag "induction coil & 
and through the liquid electrolyte to me interrupted. 
hositive electrode. At the beginning this Se ee ee | 
current induces a momentary current in the opposite Gusev ae 
secondary coil, which surrounds the primary wa Fae ce at tae 
the diagram. a | *. J¢ automatic 
The interrupter is then opened as in Fig. 181, and this Sante 
And is produced in many cases by the , a rary a tere ter. 
iron core of the primary coil acting upon the pees : seer mats ol to 
he chief object is to cause the current through the Pe eetipn in the 
cease, and by that very act generate a current in Its an current in the 
eecondary eoil. But with the cessation of the batts eet 2 in the 
Primary coil there occurs an induced or extra current, Pp 3 
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beneficial action of the condenser is in the correction of these 
two deleterious effects of the extra current in the primary coil. This 
xtra current rushes first into the condenser and charees jts manvy- 
wed armatures, one with positive amd the other with negative 
electricity, and the capacity of the condenser js calculated to be 
sufficient to receive all the current which wi uld otherwise form a spark 
By the time the condenser ts fully charged] 
with this hich-tension electricity the lueh electromotive fi ree of the 
extra current m the primary coil has disappeared. The condenser is 
maw ruliy charged at a higher tension than the electromotive foree of 
the battery, and it at once becomes discharged. It sends a current from 
ts positive electrode thr ugh the conducting cord, the battery, and the 
other conducting cord to the negative electrode of the condenser. The 
interrupter is open during this time, which is very short. The discharge 
from the condenser also surges into the primary wire when it is in the op- 
posite direction to t he battery current, and 1ts effect on the current in the 
primary coil 15 not only LO bring the primary Current to 4 SLO) almost as 
soon as the interrupter has opened, but, in addition, to produce a 
countercurrent in the primary coil. The latter has an inductive effect 
on the secondary coil, augmenting the effect of the cessation of the 
primary current. The break current or the secondary current induced 
by the cessation of the primary current and flowing in the same direction 
as the primary current is of greater strength, and has more Important 
uses than the make current. The condenser. therefore, has great value 
in every case in which the extra current is a disturbing factor in depriving 
the col of the effect of a prompt and complete cessation of the primary 
current at the time that the interrupter is opened. 
Cases in which an Induction Coil Requires a Condenser.—Coils using a 


heavy primary current, 6 or more amperes, and a mechanic interrupter, 
always require a condenser. z-Ray coils, therefore, except those with 
& liquid interrupter, require a condenser. 

Cases in which an Induction Coil Does Not Require a Condenser.—Coils 
which are intended to carry only a small primary current do not usually 
need a condenser, although they are usually made with mechanic 
mterrupters. Faradic coils are in this class. The Wehnelt and 
Caldwell-Simon interrupters produce a quality of break m the primary 
current which yields an excellent inductive effect without a condenser. 

The familiar experiment of Interrupting the flow of the primary 
current by cutting the wire with a bullet from a rifle produces so rapid 
and complete a break of the primary current that the condenser proves 
to be unnecessary. | 

The Potential and Capacity of a Leyden Jar. An insulated metal 
ball (Fig. 182, A), connected with the positive pole of a static machine, 
will be charged to the same potential or the same number of volts, V, 
a8 that pole of the machine, and it has heen established by experiment 
that the quantity of electricity which it will receive or its capacity at 


across the open interrupter. 
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well-known principle of the condenser. Two 
conductors 3¢ parated by & non-conductmg — 
dielectric have an mcreased capacity for elec- Fig. 152. — Insulated 
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tricity, and if charged to the original potential metal sphere, 


V. each will contain a quantity of electricity 
+Q and —Q, which 1s greater than either could have been made to 
receive from the same source of potential when by itself. 


. and that of the 
be 


The potential V of the inner sphere is equal to 
Q 
K 
but at a lesser potential, the latter varying.as the quantity divided by 
the rads. 
The potential, V, of the whole jar is made up of two parts, the 


outer shell, to The larger sphere has the same quantity of ch arge, 


positive potential of the inner sphere, V = + — —, and the negative 


Q 
Rt 
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Thus tar we have found an expression for the difference in potential 
between the outer and inner coats of a Levden jar of complete spheric 
shape, the thickness of whose dielectric is R'—R. FE 1s the radius of 
the outer armature, and R the radius of the inner sphere, and Q, the 
quantity of electricity which is found as a positive charge upon the 
Inner armature, or as a negative charge upon the outer armature. 
Suppose the Leyden jar to consist of two complete concentric spheres, 
as in the diagram (Fig. 181), then the charge is Q = Hip ,and if R 
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potential of the outer shell, V' = — The combined potential 


and Rt are nearly equal, as they usually are, Q = , t being the 
thickness of the dielectric, 

he ordinary Levden jar or other condenser does not, however, 
CONSIST of two concentric spheres, but of two metal surfaces of appro- 
priate shape, separated by a dielectric, and the formuls im this case are- 


The Charge of a Condenser 
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a 2 % 3.1416 Xt where S is the surface area of the dielectric. 
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ry he SILC Slzt are connected itt Sorios. they Ores 
(i uple 14 ith the orifinal SUrince cf one condenser, but 


tric n times as thick. Their combined capacity is. there- 


i Le, Fi tin CS 25 small] as that of one condenser. 

The capacity of a condenser of glass 1 millimeter thick and with 3 
total eoated surface of 1 square meter is ss microfarad. The capacity of 
other condensers of different surface or differont thickness of dielectric. or 
with a different dielectric, can readily be calculated. The capacity 
varies directly as the surface and the inductive capacity, and inversely 
as the thickness of the dielectric. 


SPECIFIC INDUCTIVE CAPACITIES —(Gordon and Silow.) 
Air, 1.0 Turpentine, 2.16 
Glass, 3.013 to 3.958 Petroleum, 2.03 to 2.07 
Ebonite, 2.254 Bisulphid of carbon, 1.3] 
Gutta-percha, 2.462 Vacuum, 0.9994 (Boltzmann) 
India-rubber, 2.220) to 2.497 Hydrogen, 0.9997 (Boltzmann) 
Paraffin (solid), 1.9936 Carbonic-acid as, 1.000 ( Boltzmann) 
Shellac, 2.74 Carbonic-acid gas, 1.0008 (Ayrton and 
Perry) 

Sulphur, 2.58 Sulphur dioxid, 1.0037 

The experiment of the dissected ] #yden jar shows that the two 
Opposite charges are held upon the surface of the glass, even if the outer 
metal coat or armature is removed and freely handled, and the same 
thing is subsequently done with the inn erarmature. Certamly no charge 
remains on the metal, but the moment the metal coats are replaced, the 
Leyden jar may be discharged by touching both armatures at the same 
time. he armatures and the discha reing rod form a metal conductor from 
the charge upon one surface of the glass to that upon the other surface. 

Air forms an excellent dielectric for a condenser, and is used for that 
Purpose In some types of high-frequency apparatus. Its utility is 
greatly increased when under pressure, since air then becomes a better 
insulator, and disruptive discharges and effluvia are prevented. 
_ Practical Utility of Condensers.—It is seldom that any practical use 
is made of the experiment in which a Leyden jar may receive a charge 
and then be disconnected from the generator and retain its charge until 
4 conducting path is brought near enough to both armatures to permit 
of a disruptive discharge. | 
_ When this disruptive discharge takes place over the greatest strikin 
distance, the condenser loses all but », of its charge. The residual 
charge may be discharged in the same way by bringing the discharging 
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Yor Into which clectricity is 

il pressure in a circuit, and from which it 

mat oH rigds of low pressure. The double bulb 

t syringe or atomizer furnishes a partial analogy. 

Che HAN CXerted in squeesing the first bulb 

3 | bulb to expand and receive a portion of the air or 
hich would « wise be foreed through the tube. When the 


ure is relaxed, the pressure thus produced in the second bulh 


S 1fS air or Liquid: Into the tube again, and there are generally valves 


to direct It in the direction of the current flow. The object in the case 
of the syringe is to secure a uniform instead of a pulsatile flow, and this 
is accomplish cf by suitable refulation ct the Size rich elasticity ct the 
second bulb. It must not completely empty itae|f before the next 
compression of the first bulb. 

The condenser in an electric apparatus receives its charge under 
extra pressure just like the second bulb of a syringe, but it fives up the 
charge a great deal more promptly—in fact, almost instantaneously— 
upon the reduction in tension in the circuit. The condenser becomes 
discharged before the period of low pressure is finished, and the tension 
is, therefore, not rendered uniform. Another difference is that the 
valve-like action of the interrupter stops the current in the origmal 
direction, and the current due to the high pressure in the condenser and 
the low pressure in the circuit is compelled to follow a direction the 
reverse of that of the original current. Thus the charge during a period 
of high potential rushes into the large capacity and insignificant resist- 
ance of the condenser only to surge out again during a period of low 
potential in the circuit. 

The connections of the condenser with the circuit are not made and 
broken during this operation. The condenser terminals may even be 
soldered to those of the battery circuit. The making and breaking of 
the circuit by the interrupter do not occur on any line leading to or from 
the condenser, but the interrupter and the condenser are in shunt to 
each other. Electricity passes through the primary coil and the 
interrupter when the latter is closed, but has to take the other path 
and surge into the condenser when the interrupter is opened and the 
high-tension extra current is induced in the primary coil. 

The Capacity of Circuits.—While condensers have very great 
capacity in a small space, every conductor of electricity has a certam 
capacity which must be filled as a preparation for the transmission of 
4& current. This is shown in regard to low-tension currents in the case 
of the very long wire used in telegraphy, where an impulse requires an 
appreciable time to charge and discharge the wire. This limits the 
rapidity with which the signals can be sent. They are not instantaneous. 
After the wire has been charged by pressing the key and thus connecting 
the wire with the battery, the current will flow uniformly as long 45 
the key is depressed. On releasing the key the wire assumes the con- 
dition of a capacity charged to a certain potential, and has a tendency 
to lose its charge in both directions. The only path ordinarily available 
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mstrument to the ground, and, of course. returns 

60 the ground to the negative pole of the battery. If the kev is 
litted and he electromotive force of the battery is cut off from the wire. 
there is no piling up of electricity in the distal part of the wire. leaving 
no charcre In the proximal Dart, as would tend to he the case if water 
were owing rapidly through an inclined tube and a stop-cock were 
turned at the Top (BRE Fig. 184). In the latter case the iets of the 
water would create a minus pressure near the stopcock K!. Not hing 
analogous occurs in the case of elect ricity. Looking at the other end of 
the wire, suppose the key near the baitery is kept turned on all the 
time, but there is a key near the telegraph receiver. If this key is 


Fig. 184.—Inertin of water fowing through an inclined tube. 


turned off, there is ordinarily no continued onward pressure of elec- 
tricity, TLS there would be of water if) Fic, 184 if the stop-cock K2 at the 
hie end of the inclined tube were turned off. In the case of water. 
one rate coh the I Mrest part « Hf the tube woul d continue in spite of a 
veloping adverse pressure. This pressure is preat enough sometimes 
momentarily to carry the water in the stand-pipe, P, to a higher level 
than that of the original reservoir. In the hydraulic ram the inertia 
“it body of water falling through | rertical pipe, snc arrested ut the 
rater 4 oe tei used automatically to compress air and foree 

ater to & much higher level than that of the water in the reservoir 
A liquid or any solid body in motion acquires a momentum which will 
produce a certain pressure at the point of Impact if it be suddenly 
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the changes In a material path which constitute « so-called electric 
current 
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electric momentum, but is produced by induction. 
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Lat di wl ot E rd. and thie full SLrd nerth Cl Lr Current not being registered 
until three seconds later. An expert Operator can send about twenty 
words a minute. There are some most wonderful facts In regard to 
electric tr: ASMIssion, one bem that Fi voltate ce]] Consisting of a per- 


cussion cap filled with dilute acid into which a zinc rod is dipped can 
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send a signal across the Atlantic. Much st ronger currents, of course. 
are usually employed. 
FLECTROLYSIS 

This is a chemie change of decomposition which often takes place 
in bodies throuch which a current of electricity passes. 

The products of electric decomposition are called ions. Cations 
or kathions or kalions appear at the nezative electrode ‘or cathode. and 
anions at the positive electrode or anode. Fig. 185 shows the classic 
experiment of passing a ¢urrent of electricity 
through water, slightly acidulated to render it 
a good conductor, between platinum electrodes. 

The two inverted glass tubes over the elec- 

trodes are completely filled with water and open 

freely into the common trough of water below. 

When the current from a battery or other gen- 

erator yields a potential of 14 volts or over, 

4s the electric current flows through the liquid, 

bubbles of hydrogen gas form at the negative Fig. 185 —Electrolysis 
electrode, and rise to the top of the tube, where of water. 

they soon form an appreciable volume of gas. | 

Oxvegen gas is liberated in the same way, and fills the top of the tube 
containing the positive electrode. A certain portion of the water has 
been decomposed into its constituent clements, and it contains twice 
a5 much hydrogen as oxygen by volume. We find an indication of 
this in the fact that about twice as large a volume of hydrogen gas 
collects over the negative as of oxvgen gas over the positive elect rode. 
The proportions are not exactly two to one, because hydrogen is more 
absorbable both by the metallic surface of the electrode and also by the 
Water through which it bubbles. ; 

Under uniform conditions the quantity of either gas, preferably 
hydrogen, will give an accurate measure of the amount of electricity 
Which has flowed through the apparatus. 

The voltameter is an instrument for measuring the quantity of 
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amount of suver so deposited indicates the quantity of clectric ty which 
has flowed through t he meter, 7. ¢., the number of coulombs Irrespective 


of the rate of flow. One coulomb of electricity will deposit 0.001118 


its combination with nitric acid. Within reasonable limits the 


gram of silver. A current of 1 ampere is a current flowing at the rate 
of 1 coulomb per second, and will deposit U.U011IS gram of silver per 
eecond. This 1 at the rate of about ] frsin @ minute (English weitht). 
A current of 1 milliampere would require 4 thousand seconds to deposit 
the same O.001118 gram of silver. 

The copper voltameter has two copper clectrodes and a 10 per cent. 
cupric sulphate solution as an electrolyte. It is accurate to within a 
fraction of 1 per cent., and was formerly extensively used m measuring 
the clectric-light current and determining the amount to be charged by 
the COMMDaAnY for the use of the Clirtrent. 

A voltameter gives correct readings only with a direct current and 

with a certain strength of current. In the case of the « per voltameter, 
this corresponds to a current density of about 0.01 ampere per square 
centimeter of cathode. The voltamcter is, for economy of power, 
Placed im shunt, so that only a definite fraction of the current passes 
through it. The size of the cell and its electrodes varies somewhat 
with the strength of the current which is to be used, althouch a wide 
range may be obtained from a single voltameter by varying the multiply- 
ing poweroftheshunt. In this way the same weight of copper deposited 
and, of course, the same quantity of electricity passed through the 
Yoltameter indicate the consumption of a large or a small amount of 
current, depending upon the shunt. The multiplying power of the 
latter must be known to make the voltameter of any Value at all. 
The voltameter finds its chief utility im the case of a direct current 
having always approximately the same strength or amperage and 
the same potential or Voltage when it is being used at all. The volta- 
meter gives the total quantity of electricity which has flowed since the 
last reading was made. and gives a total of all the short or long periods 
that a stronger or a weaker current has been turned on. 

An amperemeter would not give this information unless there were 
s0mc¢ one there to note the strength of the current. and how long it was 
turned on cach time, and later to calculate the average strength of the 
current and the total time during which it had flowed. ) 

The meters in commercial wse at the present time are mostly lise 
upon the magnetic effect of the current, and are of the nature of clock- 
work run by an electric motor. This has the advantage that it may he 
constructed to measure etther alternating or direct currents, and that 
Ite readings are directly visible upon s dial on the outside of the meter. 
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Reversible Electrolytic Cells.—In practically aes 
Wf electricity has been passe , ' 
as disconnected from the battery And connected it 
T, this instrument will be deflectes It will indicate the 
L 4 Hy ere IT eae Opps SI1Le direction in fhe batiory Current 
previously been Aowing. This current is due to chemic 
taking place at the surface of the clectrodes and in the cleetral 
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Current. A storage-cell or accumulata aficrcus he yest is ante ce 
reversca electromotive foree in an electrolytic cell. The most sensitive 

test WHICH May De applied ld substance with a view to determining 

whetner It ts an electrolyte or not is first to run a battery current through 

[between PAA tin electrodes, and then see whether it shows reversed 
electromotive force. 

Passing an electric current through an electrolyte between electrodes 
on any RING produces substances at the two electri dies which form the 
elements of a voltaic battery , and are ready to generate a reverse current 
the moment the exciting electromotive force is removed. The products 
eit electric decomposition are often one or both of them gaseous. 
and only in small part stored up at the electrodes. The reverse current 
In such cases lasts only a short time. The storage-battery, on the 
contrary, produces solid compounds at the electrodes during the passage 
of the charging current and the cell, after disconnection from the charg- 
Ing currents, acts In every respect like a most efficient voltaic cell. — 

The counterelectromotive force of an electrolytic cell is present 
during the passage of the primary current through it. . Two. obzerva- 
tions illustrate this fact. A portable z-ray outfit may be run by a 
storage-battery charged from a dynamo operated by a belt from a 
bicycle fastened upon a suitable support. A man has to work very 
hard to keep the bicyele pedals going and the dynamo revolving, and 
the charging current flowing through the storage-cells against the 
counterclectromotive force developed in the latter. The power required 
to tum the pedals of the bicycle while charging six cells at once 1s 50 
great that one man can hardly keep at work more than fifteen mmutes 
at a time, and must then be relieved by another man. Thus the work 
goes on and off for ten or twelve hours. Where the electric-lght 
current is available, the same amount of power is consumed. 

Another observation on the counterelectromotive force present dur- 
ing electrolysis is that water is not perceptibly decomposed into hydrogen 
and oxygen unless a tension of 14 or 2 volts is applied. A smaller 
Voltage will cause a current to pass through an electrolyte, such #5 
acidulated water, but the water acts as an ordmary conductor, and not 
a8 an electrolyte, unless the applied clectromotive force 15 greater than 
the counterclectromotive force generated by the products formed at 
the electrodes by the current. The power required to send a weak 
current of electricity through a conductor is not sufherent also to gen- 
erate the fixed and definite power of about 14 volts electromotive lore C 
whieh is the ordinary counterelectromotive force of an electrolytic 
eel]. If this foree is exeeeded, however, we shall not only have a current 
flowing through the electrolyte, but also chemic changes apparent at 
the two electrodes. These changes are opposite to those which tend 
to be produced at the electrodes, and which will be produced there 
the moment the electrolytic cell is disconnected from the exciting 
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raday s laws are: 
1. The amount of any substance liberated by electrolysis is pro- 
portional to the quantity of electricity which has passed through the 
eli ctiroly i ic cell. 

2. The amounts of different substances liberated by the same quan- 
tity of electricity are proportional to their chemic equivalent weights. 


According to the first law, the amount of chemic change ts dependent 
on the quantity of electricity, irrespective of rts rate of flow. <A current 
of 5 amperes will effect as preat an amount of chemi 
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uc change in one 
minute as a current of ~- ampcre m fiftv mmutes. As far as electrolysis 
is concerned, the coulomb is a more direct electric unit than the ampere. 
The latter, the AM Pere, signifies a current at the rate of one coulomb a 
second. In electrolysis one coulomb does a certain amount of work 
regardless of whether it takes a second or a hundred seconds to do tt. 

The electrochemic equivalent of a substance ts the weight of that 
substance which will be separated from its chemic combmation by 
1 coulomb of electricity. The electrochemic equivalent of silver is 
U.UULLI> oram. 

By Faraday’s second law the electrochemic equivalent of any other 
substance may be calculated from a knowledge of the electrochemic 
equivalent of silver and the chemic equivalents of silver and the other 
substance. The chemic equivalents are based upon the atomic weights 
and the valences of the substances. Silver, for instance, has an atomic 
weight of 107.93, and being univalent, its chemic equivalent is also 
107.93. Oxygen has an atomic weight of 16, but is divalent, and con- 
sequently its chemic equivalent is 8 The electrochemie equivalent of 
OXVECH is ae that of silver, or O.00008283 gram. This is the 
amount of oxygen liberated by each coulomb of electricity when water 
or any other compound of oxygen is electrolyzed. 

An atom or a molecule of any substance is an almost inconceivably 
small body, but the same proportions hold good for measurable amounts 
of the different substances when forming chemic compounds. One gram 
of hydrogen, @ univalent element with an atomic weight of 1.008, will 
combine with 8 grams of oxygen, a divalent substance, with an atomic 
weight of 16, to form water. Or, 103.46 grams of lead, a divalent 
eubstance of an atomic weight of 206.92, mav replace 1 gram of hydrogen 
In completely combining with 8 grams of oxygen. The gram equivalent 
of lead is, therefore, 103.46. | : 

Faraday’s first and second laws are both embraced in the statement 
that the same quantity of electricity is required to liberate a gram 
equivalent of any substance. This quantity of electricity is found to 
be 96,600 coulombs, and is called a faraday. ; 
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Electropositive: z. 
EPWUETOO OND a nee ee eee eens 1.0 | OOOO 
Potassium. ..........s..e. eo 0.000105 
Sodium, ...... 23.0 O.0002415 
Gold. aoe me mates 1o6 6 ) CS an 
Silver. St, | con LoS.0 0.0011 3407 
Copper | ‘eupric). : 63.0 0.003307 

(cuprous) : oa. 6 Sa 0.000601 
Mercury (mercuric)... ..........-.-. 200.0 0.0010500 
zr (me reurous). . =, 200.0 0.002 1000 

Tin (stannic) . | 118.0 0.000-H087 
: (stannous) ao 118.0 0.000610 

| ’ 50.0 0.0001470 

56.0 0.000240 

59.0 0.000097 

65.0 0.0003-412 

See RE Ar A 0.0010804 

Aluminum .........eecee . 274 0.000 145 
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Grotthuss’ hypothesis of electrolysis is that the molecules of a 
hesolved compound torm a chain, and that under the mfluence of the 
‘tromotive force they exchange partners in such a way as to leave a 
‘atom of one substance at one end and of the of her substance at the 
other. Thus m the electrolysis of hydrochloric acid the molecules form 


such a chain as this: 
(HCL) (HCl) (HCH <HCr, 

but under the influence of the cleetric current this becomes 
H (CUH) (CLH) (CIH) C1. 


Clausius’ Theory of Electrolysis.—This is that salt molecules in 
solution occasiona lly dissociate Into a posit ively and a Neat Lv ely charged 
portion, 7. €., positive and negative ions. The cations move in a freneral 
direction from the anode to the cathode, while the anions move in the 
opposite direction. Those ions which reach the respective electrodes 
give up their charge there, and also form a free mass of a simpler 
substance, either as a gas or as a metallic deposit, or as an acid radicle 
combining with the substance of the electrode, as the case may be. 
Not all the cations or anions reach the respective electrodes. Very 
many of them encounter oppositely charged ions and become neutralized. 
Decomposition and recom aition of the molecules are continually 
Fong on, with a resulting uniform drift of oppositely charged ions 
toward the two electrodes. This dissociation, or the formation of ions, 
IS not necessarily the result of the electric current, but is present whether 
or not there is any current. Their motion, however, is a result of the 
electromotive force. 

The Electron Theory of Electricity Observations upon elec- 
trolysis in liquids and upon the ionization of gases show that the nega- 
tively charged particles in a gas are only yg5q the size of a hydrogen 
atom. Positively charged bodies as small as this are not known to 
occur, and so a theory has arisen that there is only one kind of electricit y: 
This is the kind termed negative, purely by convention, and it is assumed 
to exist In unit charges or atoms of electricity called electrons. A 
negatively charged body is one containing an excess of electrons, a 
positively charged body, a deficit, and in a neutral body the electrons 
are in equilibrium. 

_ This theory, which is rapidly becoming the accepted one, regards 
electricity as consisting of material particles a great deal smaller than 
the atoms known in chemistry. Each electron carries a charge of about 
1.34 10-* coulombs. It requires 9x 10 electrons to carry one faraday 
of electricity. With univalent negative ions, such as chlorin, each 
eared atom or ion has one electron. This adds 0.001 to the mass or 
weight of the atom of chlorin, which is 35.4 (times the weight of a 
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4 Lk sitive yeti aca ac Na ue _ positively charged 
' ot 7 “fe SOLAS | Weight Of an electron 
1 the weight Of an uncharged exilrum atom. The weight added to 
Orit set Ol H00M1S I electrolysis orin a voltaic cell is exactly equal to 
that subtracte [rom the opposits ly chareeed atoms. = 
_ Arrhenius propounded in 1887 the theory that a salt whose solution 
is <ul electrolyte SCOMeS largely OF In some cases completely dissociated 
pele POSITIVE 1Ons of One substance and negative ions of the other. ihe 
dissoCLatlon OCCUrS AS the result of the chermic process of solution, and 
ch 6S not require the application of an clectromotive toree, thouch the 
ions are governed by such a force if it is applied. In a voltaic cell. 
| the elect ropositive element or the one which is dissolved by the acid 
positively charged ions of the metal are produced, while the plate itself 
receives an equal negative charge. The opposite charges produced in 
this way in the two electrodes are the source of the electromotive force. 
Arrhenius’ Theory.—This has to do with the solution pressure and 
the osmotic pressure of substances, and their relation to the degree of 
lonization m an electrolyte. 5 
A solution of sugar in water may be placed in a semiporous jar which 
is closed exeept for its connection with a pressure guage, the jar being 
placed in an outer jar of water. The “‘semiporous” jar permits the 
passage of water, but not of the dissolved sugar, through Its pores. It 
may be made, for example, by taking an unglazed poreeclam jar filled 
with a solution of sulphate of copper and placed in a jar containing a 
solution of potassium ferrocyanid. This results in copper ferrocyanid 
being deposited in the pores of the jar, which gives the jar the “semi- 
permeable” character above described. Any soluble substance has a 
tendency to expand and occupy the whole of the solvent (the dissolving 
liquid). Adding water to a jar half full of a solution of sugar, the sugar 
molecules will distribute themselves through the newly added water, 
and in a certain time the entire quantity of water wil contain a sugar 
solution of uniform strength. Similarly, sugar added to 4 eae 
quantity of water will diffuse itself uniformly through every poruon 0 
the water, whether or not the water already contains some dissolved 
sugar. The rapidity with which the sugar dissolves dS an 
gressively, and a point is reached when that amount of lane on 
dissolve any more sugar. The solution is then sad bo be pushin saa 
Returning now to the solution of sugar inside of the erp ae ait 
jar surrounded by an outer jar of water: in consequence of the te 2k . y) 
for the sugar to diffuse itself through the largest posible Xa eaten 
water, since the sugar cannot pass through the wall aft the an ove . 
from the outside will pass through the semiporous Jar ter increases 
uniform solution of supar inside the jar. The entrance of wa er aad this 
the pressure inside of the jar as registered upon the tes Noa The 
pressure must be overcome in order that more water may enter: 
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Boyle's law is that the volume of the same quantity of anv eas varies 


inversely as the pressure is generally applicable to dissolved bodies. 
Their osmotic pressure usually varies inversely as the volume of liquid 
In which they are dissolved. ; 

Avogadro’s law that under similar conditions of temperature and 
pressure equal relumes of all gases contain equal numbers of molecules 15 
also generally true of dissolved substances. 


Van't Hoff noted, however, ecrtam exceptions to the application of 


E 
or 


these two laws in the cases of soluble substances. and found that for anv 
particular substance there was a fixed and definite ratio between the 
observed osmotic pressure and the osmotic pressure caleulated according 
to the laws of gases. Van't Hoff’s factor is: 


Observed osmotic pressure 


Osmotic pressure calculated from law of gases. 


Arrhenius’ discovery consisted in the fact that the substances in 
which Van't Hoff’s factor is greater than one are all electrolytes, and 
his theory offers the following explanation: 

_ Take a solution of a certain strength of some substance, KCl, 
for example, and calculate the osmotic pressure from Avogadro's law, 
and using the ordinary chemuc formula for the molecule, Now suppose 


that out of every 100 molecules 86 are dissociated into K and Cl, or 
positively charged free particles of potassium, and negatively charged 
Irée particles of chlorin. The amount of substance which, in the first 
case supposed, would consist of 100 free particles, each being a molecule 
of KCI, would, in the second case, which Arrhenius’ theory presents as 


eg actual condition, consist of 14 molecules of KCl and 86 K and 86 Cl 
(86 positively charged atoms of potassium and S6 negatively charged 
atoms of chiorin), or 186 free particles in all. Arrhenius’ theory is that 
these free particles behave like 186 molecules of a gas, and that hence 
the osmotic pressure of such a solution should be 1.56 times the osmotic 
ETS calculated from the ordinary molecular formula. 
__ Conversely, taking the ratio between the measured osmotic pressure 
of a solution and the osmotic pressure calculated from the ordinary 
molecular formula, we may calculate the percentage of its molecules 
which are dissociated, or its degree of ionization. —_ 
stn he conduct wity of a liquid is in a general way proportionate to 
“sakes whization. A solution of cane-sugar in water presents 
aE om its molecular formula C,,H,,0,,, and, therefore, according 
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PCP eSe NCI tie 3 clon taking place while charging a storare- 
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t hue second case, it acts as a voltaic cell. 

In Ciener CaS Ut he: current is produced by the motion of cations in 
one GIrecoion And anOnS iD the other direction; and the current is ag il 
¥ convention) to take the direction of the cations. The 
motion Of The Cations carrying a positive charge to the cathode pro- 
GUCeS a current in exactly the same Way as the motion of the anions 
carrying a negative charge to the anode. One motion might just as well 
ave been called the direction of the current as the other, except for the 

, | the very beginning the name postlire had been given to the 
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E StACIC electricity which still hears that name: and. ot Cours. 
the whole electric nomenclature must be harmonious. 

The Mechanism of Electrolysis.—Several important facts have 
been observed. The current strength is the same at every cross-section 


of a simple or undivided circuit. In the case of a voltaic cell whose 
two poles are connected by an outside wire the same number of amperes 
of current flow through the wire and at the suriace of either electrode and 
through the electrolyte. The current density, however, varies according 
to the size of the cross-section at any part of the circuit, since the same 
quantity of electricity flows at each cross-section at the same rate. 
This is equally true in the case of an electrolytic cell, and even when 
several voltaic cells and electrolytic cells and simple conductors are 
connected in a simple circuit, i. ¢., in series, not in parallel or in shunt. 


2 H 3 
Fig. 186.—Voltaic cells operating an electrolytic eel. 


Fig. 186 shows two voltaic cells connected in eories WA 
lytic cell in which water is being decomposed ie “The same current 
& galvanometer, and the necessary conducting com flowing through the 
strength measured in amperes would be found to be Howing © 








: L 1 
round im the 
F 

LT 


bo 
if} 

ee Fe j = It | i 

pee Se el Trower Oo Pd. 


[ clectrolvsis appear only at the electrodes. In the 


- cs 
™ 1 1 y r ' 
J | ris EE i 1 r 9 Par neh hy a 
[Shh PILLS ili = ee bh Be Pe a he re ol etal l wat 
5 
7 = 2 fi t es | 
ba | Tr. | il lee! . = t | *L | r a F ; | he | 
un § BL fade ill WEILL. 1 Tat eh ERLE Ca Poe 


. Chemic 


the liquid between the two electrodes 
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the ciectrodes, and in the liquid and in the air-space ahove the electrodes 


into which the bubbles of gas rise. <A striking illustration of this fact 

Is resented by Ene pole cle ts CLOr \D oui). in which Lhe current PLS 

liquid which contains a diss lved substance which is colored 

free element which is produced at the negative electrode. 

The red color 1s seen only at the negative electrode. not at the positive 
electrode, or mm the liquid between the two. 

This means, according to our accepted theory, that the ions of this 


substance which are diffused all through the liquid with a general 
motion from the po 


tive to the negative electrode present the ordinary 
physical and chemic properties of the substance only when they give 
up their charre on reaching the negative electrode. A sobution herr | 
in the pole detector which does not five a discoloration with the sul 
stanee liberated at the other pole. — 

Phoresis.—The passage of an electric current through an elec- 

Lr Lyte 13 accompanied by the transfer of one substance eh the positive 
electrode and of the other substance to the negative electrode. The 
latter has become familiar in elect rotherapeutics as cataphoresis. 

’ An experiment of Sir Humphrey Davy demonstrates at the same 
time the carrying property of the electric current and the fact that the 
free products are usually demonstrable only at the two electrodes, and 
not in the intermediate fluid. Three glasses are used (Fig. 187). The 

glass a into which dips the nega- 

tive electrode contains a solu- 

tion of sodium sulphate; 6, the 

middle glass, contains a dilute 

| syrup of violets, and c, the glass 

Fig. 187.—Series of clectrolytic cella con. COmmected with the positive 
nected by moistened strands of ashestes. Clectrode, contains water. The 
Products [i betnted af extremities only. glasses agand re connected har 
a moistened fibrous cord of as- 

bestos, and b and ¢ are connected in the same way. After the electric cur- 
rent has been applied for a certain time, all the sodrum sulphate solution 
will be found to be decomposed, and the soda will be found in the class 
into which the negative electrode dips, and all the sulphuric acid will 
be found to have been carried through the asbestos fibers and the jar 
of syrup of violets to the glass c, into which the positive electrode dips. 
The syrup of violets in the middle glass shows no change in color, 
although it is such a delicate reagent that a drop of acid would produce 

a red color or a drop of alkalia green color in it. | 
_ The direction of the phoretic current is with the electric current, 
1 é., from the positive to the negative electrode for bases and in the 
opposite direction for acid radicles, 
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Demineralized gelatin is electronegative, and a very sight addition 
Fan electrolyte makes it electropositive. Demineralized gelatin has 


me cases include visihle cham; 
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exceedingly shght conductivity. only 


, Tio icoording to D'Héré! 
and gelatin may be demineralized by electric dialysis. 

“ Two set Ore electrolytic cells in Series, but connected Th metallic 
Wires, instead oi & porous partition or moistened cord, act as separate 
elt Con gat Aa less, Each cell in such a case has its own two electri wes. 
and its electr lyte 1s decomposed into two simpler substances, without 
reference “ the changes Occ ring in the other cells. There is practically 
no mingling of the contents of the different celle. and practically no 
transference of the contents of one cell to another. The qualifying 
adverb 1s used, because even the metallic wires act to a slight extent 
as electrolytes, and the transmission of a current is accompanied by 
the passage of tons of metal and other substances through the solid 
metal. This effect produces no perceptible result in the case of the 
transmission of an electric current for a few minutes. A case m which 
it does produce a demonstrable result is the experiment of laying a zine 
disk on top of a copper one, and leaving them undisturbed for months 
or years. The electric current generated by the contact of the two 
dissimilar metals is a feeble one, but is none the less accompanied by the 
migration of ions, and at the end of the experiment chemic analysis shows 
the presence of zinc in the copper disk and of copper in the zine disk. 

The Mechanism of Conduction Through Metals.—According to 
the accepted electron theory, a portion of every metal is normally 
dissociated into free electrons, which are all negative, and a residue 
which consists of positively charged ions of the metal. These 
ions are positively charged simply because they are deficient in the 
number of negative electrons with which they are associated when in 
4 neutral state. The metallic ions arc relatively fixed In position, but 
the dissociated electrons move freely about among the atoms o! metal. 
When an electromotive force is generated and a positive impulse Is 
applied at one end of the metal and ol. negative impulse at the meet 
the dissociated electrons (negative) are driven toward the anode. It is 
this anionic stream of electrons in a direction opposite to the so-callec 
direction of the electric current which usually constitutes, to a great 
extent. the means of transmission through & metal. This eared 
refers to the condition in which two wires from the generator of elec- 
tricity are fastencd to the two ends of a picee of metal. Phe Asoauten py: 
current of positively charged metallic ions toward the cathode 18. 80 phir 
élight as to require a long, tedious experiment to demonstrate at heme 
Cannot he refarded as playing a role of any importance in the ordinary 
conduction of electricity through the metal. : 

' Jour. de Physiol. et de Pathol. génerale, March, 1911, vol. xu, No, 2, p. 176. 
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: : 5 sometimes the sole 
means @1 of effect E the PaSSi2ze OF the « current from the anode to the 
electrolyte. This is the case with the zine electrode of a voltaic coll. 
whit re the aAMoOUnE Of Curren is fully accminted for he the amount of 
zine dissolved. This is the effect produced mereuric and other 
cataphoresis or anodal diffusion. 

In other cases 1 erv few ions of the n 

lyte, and the transmission ol the eles tric Soaeae is 4 effected caimget 
entirely by the ¢ lischarge of anions brought by the elec trolvte to the 
suriace of the anode. P lati nim eleet trod eS are weed. when it 1 cle 21Ped 
not to have particles of the anode pass into the electrolyte. Platinum 
ons exist, but they are not readily soluble in the usual elec trolytes, such 
as the dilute acid in a water voltame ter or the tissues of the human 
bodv in electrolysis or galvanopuncture. The current cannot be 
earried from platinum to acidulated water by platmum cations to any 
practical extent. The process taking place : it Be antl de consists almost 
entirely in the discharge ot Oxy. eT) anions resultine 1 in the evolution 
of free UAVECH gas and the disc harre of free eleetrons (negativ e. of 
course) which enter the platmmum anode. 

Exceptional ways in which the electric current mav pags into the 
connbon from the anode are: 

- Oxidation of a positive ION 7 the electrolyte. 
- Reduction of a negativ e ion in the electrolyte. 

" When the current is turned on the change which takes place ata 
plati imum anode immersed in asolution of a ferrous salt, unde 'T some 
circumstances, converts it into a fern icsalt. This contains more highly 
charted cations (positively charged tons which tend to travel through 
the electrolyte toward the cathode), and consequently involves the 
transfer of positive electric ity from the electrode to the electrolyte. This 
is done according to the electron theory by the entrance of free electrons 
into Bh platinum anode from the electrolyte. 

On the other hand, if a platinum anode is immersed in a ferro- 
cy esd solution, the passage of the current produces a change to ferri- 
cyanid., a negative ion of a lower charge. Here there has been f transter 
of a negative charge from the electrolyte to the anode, and this also 
according to our theory by the passage of free electrons from the elec- 
trolyte into the platinum anode. 

B. At the Cathede.—1. There may be the discharge of a cation. 
In ordinary electroplating the free metal is deposited from the electro- 
lyte upon the surface of the eathode, and the metallic ions (cations) 
lose their positive c harge to the « cathode. The latter part of the process, 
according to the electron theory, means that free clectrons (always 
negative) pass from the cathode into the electrolyte. 

2. The formation of an anion. This occurs only under exceptional 
circumstances. Thus, a platinum cathode surrounded by an electro- 
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charge on a cation by cmic 
4. Increase of the negative charge on an anion. by oxidation. 
Phenomena Occurring in the Electrolyte.—lIt is not necessary 
fo assume the presence OL iTrce Clecwirons tn the electrolyte. There ans 
always equal numbers me CATIONS ate ANIONS m thie solution. hina 
are { raveling in opposite directions, anc the Sum of the electric charges 
transferred by them constitutes the total electric current. Tons have 
different degrees of mobility. If, in a certain case, the cations are 
OV ILE at tem times the speed of the anions, then ten tines 15 much oe 
the electric current through the electrolyte will be made up of 4 transier 
of a positive charge by the cations as of a negative charge carried by 
the anions. The current is then said to be mostly cationic. : 
Speed of lonic Migration.—The motion of the ons under the 
influence of an electromotive force is, on the whole, a drifting movement 
toward either electrode. The individual ions do not traverse the entire 
distance at a gradually increasing velocity, as they would do if there 
were only the constant electromotive force to be considered. On the 
contrary, they move a certam distance and then collide with other ions 
or molecules and lose their acquired velocity. If they collide with 
oppositely charged tons, the charges on the two are neutralized, and 
existence as dissociated ions temporarily ceases. The effective mobility 
or the average velocity of the tons, including periods of rest, at a poten- 
tial gradient of 1 volt per centimeter, is in an aqueous solution for— 


epee IONS... ees 5 ee OA 0.000809 cm. per second 
Chiocin 9008. 2. ek cee ee we 0.00058 “ 4 ca 
CrU), lons | 0.00047 “= * 


This means that chemic changes are propagated through electrolytes 
at the above velocities. Measurements have been made by Sir Oliver 
Lodge in the following manner: A glass tube filled with jelly consisting 
of gelatin water, sodium chlorid, and a little phenolphthalem com- 
municates at one end with a solution of hydrochloric acid. Platinum 
electrodes are used, and the current passed from the hydrochloric acid 
Into the salt jelly. This produces ih migrat ion of hydrogen cations mito 
the jelly, and, as they advance, they decolorize the phenolphthalein. 
Their rate of progress can, therefore, be measured. 

_ This and similar measurements made with liquid or jelly electrolyte 
give results at apparent variance with the statement that mm electrolysts 
the free products appear only at the two electrodes, and do not produce 
demonstrable effects at intermediate points in the electrolyte. The 
example of the three connected electrolytic cells will be remembered, 
a middle one containing dilute syrup of violets, one end cell full of water. 
and the other end cell full of sodium sulphate solution. After the How 
of the current all the soda was found in one end cell and all the sulphuric 
acid in the other, while the violet solution, a very delicate test for acids 
or alkalis, remained unchanged. | ; 

The difference seems to indicate that in the experiment with 

17 
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collided with oppositely charged ions have formed froe molecules of « salt 


not of an acid or alkali in (he Intermediate portions of the cliectrolyte 


Hence the delicate reagent for free acid or free alkali hae not been affected 
re ? T 1 5 = . | ee b : ® 
The Velocity of the Ions in an Electrolyte and in Gases, and 

of Electrons in Metals.—The igures found by the method deseribed 


L een. | * - . 
Dove are istonishingly Strat compared With the velocity of Lhe ons 
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In the case of metals. however, the transmission is effected t by pone 


gration, but by the migration of free electrons. 
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Conduction by Fused Salts and by Metallic Oxids.—Salts and 
metallic oxids at ordinary temperatures are very poor conductors of 
electricity. The former become good conductors if they are melted 
by heat, and it is very readil 
electrolytic. In fact, this is t 
the rarer metals. Magnesium may be obtained m this way. An 


by, 


ordinary clay tobaceo-pipe with an iron wire from the negative pole o 
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demonstrated that their conduction iz 
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i 2 | : ; = s 
he method adopted in obtaining some of 


the battery passing into it through the stem is filled with a mixture of 
chlorid of potassium and chlorid of magnesium. The salts are fused 
by the heat of a Bunsen bummer. and a eraphite anode from the battery 
1s dipped Into the melted mass. The conduction is excellent, and 1 
accompanied by the liberation of chlorin gas at the anode, and of 
melted metallic magnesium at the iron cathode in the bowl of the pipe. 

The comparatively infusible metallic oxids, such as the oxid of 


zirconium, are made use of in the Nernst lamp. There is a “heater 
coil” of platinum wire through which the electric eurrent is first passed, 
and in which sufficient heat is produced br ohmic resistance to bring the 
“glower,’ consisting of metallic oxids, to a temperature at which tt 
becomes a conductor of electricity. The current i such a powertul 
one a5 to heat the “glower” to brilliant incandescence. The reasons 
advanced for believing that the excellent conduction developed in the 
Case of oxids of the metals of the alkaline earths by heating them to 
meandescence ts electrolytic are twofold. One reason is that. theo- 
retically, if the conduction were by the motion of free clectrons, a3 
In metals, the substance should he opaque, while the oxids in question 
are’transparent. A stronger reason is that when a “‘glower” consists 
of A TUXture of the oxids of two different earths, one of these is some- 
times found to be more concentrated at one pole than at the other. 
The Passage of Electricity Through Solids—This is not 90 
manitestiy due to a migrat Mon Of ons as is the eaae with a liquid eon= 
ductor, but the fact that such a migration of atoms does take place. 
even with very weak currents, was shown by an experiment in which a 
He i] rola rid fi Plece Tl copper were left in contact for four vears. 
he weak current produced by thie contact of the hwo dissimilar metals 
during this long time caused) Suthicient migration of ions in each lire as 
tion thoroughly to saturate the gold with copper and the copper with 
fold. The tonizat ion of 9 metal through whieh electricity is conducted 
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IHE HEATING EFFECT OF THE ELECTRIC CURRENT 


A current of electricity passing through a food conductor, such as a 


copper Wire, heats the conductor to a certam extent. This efiect is 


entirely analogous in case of a copper wire to the production of heat by 
In mechanic motion, and in the case of a short straight wire 


chist + from any other wire or magnet or magnetizable body. 
the only electric energy lost by the current in passing through the wire 


is that which 1s converted into heat. The conditions expressed in 


the last sentence show that no work is being done by the current 
except the simple overcomme of ohmic or frictional resistance in the 
transmission of power through the wire. In a case of this kind the 
amount of heat produced depends upon two quantities: the resistance 
of the conductor measured m ohms and the strength of the current 
measured in amperes. The amount of heat is expressed In gram- 
degrees, each unit sufficing to raise the temperature of 1 gram of water 
L°C. The followmg equations give the amount of heat generated m one 
second by a current of C amperes, with E volts, through a resistance 
of K ohms. 


The amount of heat =" R<0.2405 gram-degrees per second. 
The amount of heat=E™C X0.2405 gram-degrees per second. 


The temperature to which the wire will be raised will be greatest, 
of course, when this amount of heat is concentrated in a short length of 
conductor, and also when the conditions prevent the rapid radiation ot 
heat from the conductor. In regard to the last pomt, an melosed 
électric motor becomes hotter than the same identical motor without 
a CASE, An example cf the first fact 13 fi nun in the Incandescent lamp. 
The few inches of filament present a resistance of 250) ohms, and become 
white hot in a second from a current of 4 ampere; while the same 4 
ampere current passing through copper wire y'; inch m diameter ant 
250,000 feet long will encounter the same resistance and generate | . 
same total amount of heat in a second, but without a perceptible 
élevation in temperature. In fact, in the case of ;'5 inch copper WI, 
such ag the electric-light service wires, a current of even 45 much as 
5 amperes running all the time will not produce @ Maximum elevation 
of over 2° F. in the temperature of the wire. ‘ ie. 

The heat generated by ohmie resistance to the passage of an electric 
current is utilized in electrotherapeutics especially in the following 
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The Temperature Changes in Different Batteries.—These 
t alwavs due to the ohmic resistance alone, but may he nflueneed hy 


. ‘ r ‘ i 
fas . = i . . . 1 7 E . | 
nf CMe COoAnNEGS } Ich ACCOMPAnRY Lie Pusat Of The 


vit 

through the medium. <A gravity cell, for instanee, cools as a result of 
the electric activity. The same is trie of a Daniell cell and of a storage 
cell or accumulator during its discharge. The Daniell cell transforme 
all the chemic energy lost by its materials during the operation of the 
battery into electric energy, and also about 1 per cent. more. This 
slight exeess of Cnerge produecal is abstracted from the latent heat of 
the battery, which 1s, therefore, cooled asawhole. Its zine pole becomes 
warmer and its copper pole cooler. 

The Clark cell, on the contrary, transforms only 74 per cent. of the 
chemic energy expended into electric energy, the remaining 26 per cent. 
being transmuted minto heat. <A cell of this type becomes decidedly 
warmer during operation. ; 

The Temperature Changes Produced by the Passage of a Current 
Through Different Electrolytes Outside of the Battery Itself.— 
These vary just as much as do those in the fluids of a battery in opera- 
tion. There is SIWAYS 3 certain amount of heat due to the ohmic resist- 
ance of the liquid. This may be augmented or diminished by the 
thermal effect of the chemic change induced in the fluid by the passage 
of the current. Placmg a Daniell cell m the circuit of a powerful battery 
which sends a current through the cell in a direction opposite to that 
of the current which 1 tends to generate, we should reverse the chemic 
processes which normally take place in a Daniell cell. The thermal 
effect 1s also reversed, and the cell becomes hotter instead of cooler. 

The ordmary process of charging an accumulator or storage-cell by 
sending adynamo current through It In a reverse direction also reverses 
the thermal efiect and the cell. Wuth the usual strengt h of acid a 
storage-cell cools slightly on discharge, and is warmed slightly when 
being charged by a current sent through it in the reverse direction. 
Generally speaking, the thermal effect of the chemic change from passing 
a current through a liquid is to produce heat if the chemic reaction i 
such as would ordinarily do so, and to produce a cooling effect 1f the 
chemic reaction indicates that heat is rendered latent. 

The Heat of Ionization.—<An electrochemic equivalent of any 
substance causes either the absorption or the liberation of a certain 
number of joules or heat units when it becomes positively or negatively 
ionized. _ In the cases in which heat is absorbed at the pole where a cer- 
fain 10n 1s produced, this usually means that work must be done in order 
to cause the substance to enter the ionic state. When this is the case, 
it will usually be found that heat is liberated when the substance leaves 
the lonic state. Copper is such a substance, and its heat of ionization 
i +37, 200. inc behaves in the opposite way: it takes work to bring 
if out of the ionic state, heat being rendered latent and the temperature 
falling at the pole where this is taking place. Under the conditions 
present at the pole where zine ions are produced the temperature rises 
because heat is liberated. In entering the ionic state zine actually 
performs work in heating up the surrounding medium. Its heat of 
lonization is —69,500. This means that one electrochemic equivalent 
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Anvth like & complete discussion of this branch of the subject 
too far into the domain of theoretic electrochemistry. 
; : add cl, however, that the lorees at work are now : 
be those which produce electromotive foree. 

The Degree of lonization May be Determined by Cry oscopy.— 
Raoult’s discovery that the freezing-point of a solution depends Upon 
the number of molecules held in solution was immediately followed by 
the discovery that solutions of salts and some other compounds gave 
nlis corresponding to ereater number of molecules than would bie 

dicated by their chemic formule. This has been explamed bv 
Arrhentus on his theory of dissociation of ions. He supposes that in 
every solution the freezing-point depends upon the number of dissolved 
particles (either entire molecules or dissociated ions formed by the 
division of molecules). We may then say that one gram-partiele* 
(instead of 1 gram-molecule) dissolved m one liter lowers the freezing- 
point 1.85/100°C. The number of degrees that the freezing-point 1s 
lowered (L) divided by 1.85/100°C., will give the number (N) of gram- 
particles dissolved in a liter of the liquid: 


Ea 
1.35 


thought to 


The number thus found will be the number of gram-particles, both 
whole molecules and dissociated tons formed by split-up molecules. 
The number of gram-molecules, N' in the substance is known [rom Is 
molecular formula and the amount or weight of the substance which 


; \ - FE amber of -10ns 1 
has been used in making the solution. The number of gram-1on 


AA gram-equiralent of any element is the amount of the eouaeane eats 
replace a gram of hydrogen or is equivalent to a gram af bydrogen on the number 
bination. It is found by dividing its atomic weight by tts ween’ ie ith 
of hydrogen atoms which cach atom will take the place of or Sees ae or Com 

A gram-equivalent or a gram-molecule of a substance, ieee’ ee a 
pound, is the number of grams represented by its molecular Ee al substance to 

A normal solution is one containing one gram-equivalent OF ot nic weight 39; 
the liter. Thus, a gram-equivalent of potassium chlorid, KCl ene strane ih chlorit 
Cl, stomic weight 35), weehs 74 prams, and a normal pone, - pee KC] contains 
contains 74 grama of KCI to the liter. A decinormal solution | 
74 grams per liter. : : nd is a quan- 

peel gah pd is the same 25 0 gram-equivalent ot ae SE cone: pee: 
tity of the substance equal to the molecular weight ine! jambs Shee dated eondlitron 

A gram-ion is the quantity of a substance in the 1onic OF 
equal to ite chemic equivalent weight expressed te Erect. * equal to the sum af 

The number of gram-particdes of a substance in solution | 

¢ gram-molecules and of the gram-iots af the substance. 
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2 @ N* jons. 

There are then m solution N'—a N! molecules and ? a ions. and 
their sum 1s equal to the number of particles found by cryoscops from 
a calculation based upon the freezmg-point. | 

The following formula IVES a. the cocihcient or clissi ve pat li i 
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placed m the liquid and a | 
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The followmg is a concrete example. A decinormal solution of 
CusQ,, or one in which 0.10 gram-molecule (15.9 grams by welght) of 
CuSQ, is dissolved in 1 liter of water is found to have had its freezing- 
point lowered 0.23° C. by the addition of this amount of CusO,. The 
number of gram-particles calculated from the fact that.1 gram particle 
in a liter lowers the freezing-point 1.85° C. is found to be 0.1243?. 
Hence— 

0.1245 —0.10 

0.10 


= ().243. 


A calculation based upon the freezing-point shows that in a decmormal 
solution of CuSO,, 24 per cent. of the molecules become dissociated into 
lone in the mere process of entering into solution. This aearecs very 
closely with the calculation based upon the conductibility of the 
solution. | 

Osmotic pressure, freezing-points, and electric conductivity are all 
determined by the derree of ionization. 

Observations by Maillard, Loeb? Paul and Krénig* lead to the 
belief that the ions in any solution are the active agents In any effect 
upon living tissues. The effect of antiseptics is due, according to 
Paul and Krénig, practically entirely to the ions. The degree of ioniza- 
tion of 4 metal, as in ra solution of bichlorid of Mercury, May be reduced 
by adding to the solution ions of some other metal with the same anion 
(NaCl per ex.), and if the latter are non-toxic, the toxicity of the 
solution will be reduced. An experiment was made with anthrax 
culture smears dipped in a solution containing 1 gram-molecule of 
bichlorid of mercury (this being 270 grams in weight) in 16 liters of 
Water, and the number of spores which survived after an immersion of 

‘Journal de Physiologie et de Pathologie, 1899, vol. i, p. 631. 


L Archiv. f. ores. Physiol... L808, vol. [xix, p. l. 
"Zeit. f. physikal. Chemie, 1896. 
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aix minutes was found to be only eight. But if 1 gram-molecule of 
ewiium ¢hlorid, NaCl (weighing 58 grams), was added, 32 Noreen 
vived, and the culture showed 32 colonies. With two gram-molecules 
of sodium chlorid the number of colonies was 124; with 3, it was 984- 
and with 10, it was 1087. The strength of the mereurial solution wag 
the same in each case. 

ane absorption of moisture and the interchange ol substances in 
solution through organic tissucs which form the basis of animal and 
vegetable life are all dependent upon the number and properties of ions. 

The theory that all life is but a maniestation of electricity is, 
therefore, not at all an impossible one. The further theory that all 
matter is of but one substance, either electricity or variously modified 
by electricity, is one of the picturesque possibilities of the future. 








FLECTRICITY OCCURRING IN ANIMALS AND PLANTS 


lee differences in potential between portions of the surface of 
aQriinals or plants which are Sc ronerally Present are elqlapnn AS preat 
as in the electric cel and the torpedo. They generally require special 
apparatus for their detection, but it 1s none the less probable that they 
are of vital importance. Electricity is developed especially in the 


irritable and contractile tissues, notably the nerves and muscles. The 
rr 


1 
i 


inds and epithelium, among many other structures, manifest it. 
Phufolacea eleciricd, a Brazilian plant Said to have boon, lately 
discovered, is said to have certain electric properties. and the charee 
Or shock riven ott by contact with 1t 1s claimed to he equal to that of 
one Daniell cell. 

The reneral law ‘OVEN E the difference in potential hebween 
portions of the surface of a living body 1s that it develops only when there 
is a difference ether m the nature or in the activity of the chemic pro- 
cesses taking place In the two regions. When there is a difference in 
kind, the region where processes of decomposition are in excess is nega- 
tive to the region where synthetic processes are in excess. If both are 
refions of decomposition, the one at which the process is most active 
is negative to the other. And if both are regions of synthesis, the least 
active 1s negative to the other. 

There ts a difference between the clectrie potential at the two ends 
of an CPF. whether fertilized or not. Ida Hyde! has tested this by 
means of the capillary electrometer, the difference in potential im the 
pigeon's egg increasing as development progresses. In some other ergs 
(those of Fundulus) the different stages of seementation cause rhythmic 
oscillations and reversals of the direction of the current. The sources 
of electromotive foree are anabolic and alkaline changes in the chromatic 
mass in repose and catabolie and acid changes in this mass in activity, 
and variations in viscosity and surface tension. 

Delicate electrometric methods have shown that there are electric 
currents In the eye corresponding to currents of action in the nerves 
or museles.* 

Static charges occur upon different parts of the living body. From 
muscular contraction or some other vital activity electromotive force 
is generated, and as the dry skin is a very poor conductor, opposite 
static charges may be formed on different parts of the surface. Heyd- 
weiler has made observations which show that these opposite charges 
may remain ior a relatively long time. 

_ The ganglion-cells of the anterior cornua of the spinal cord have been 
thought to be sources of electromotive foree. Experiments reported 
by 5. Baglioni‘ were made upon a strvchnized spinal cord, and showed 


Amer. Journ. of Physiology, vol. xii, p. 241, 1904. 

"Hi. Gertz, Centralbl f. Physiologie, vol. xix, July 15, 1905. 

‘ Annalen der Physik., No. 5, May 29, 1902. 

* Centralblatt f. Physiologie, vol. xix, p, 345, August 26, 1905. 
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possess electric properties. A current will generally pass from an 
electrode applied to the inner surface of a piece of skm throuch a con- 
ducting Wire and meter to an electrode appled to the outer surface 

may be called the current of rest, and in the case of a piece of skin 
removed [rom Lhe | y 


Nnetera to 


body, the internal surface is usually positive 
necessary To have non-polarizable electrodes, and to be sure 


that the results actually Indicate a difference in Potential between the 


i 
ee. | 
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surfaces of the skim. Without any special precautions it would 
be easy to have an electric current produced by a difference in the 
degree or kind of action upon the two electrodes by a difference in them 
or by the difference in the chemic composition of the moisture upon the 
external and internal surfaces of the skin. In other words, the skin 
and the two electrodes might form «a miniature voltae cel] unless 
precautions were taken to prevent such an effect. 

Currents Produced by Contact of the Inner and Outer Surfaces of the 
Shin with Saltne Solutions — These may be detected by the same 
method as that used by Chanoz m the case of acid solutions. 
A ptece of skin is fastened over the end of a tube filled with the solution, 
and dipped into another filled with a precisely similar solution. An 
electric current will often How through suttable electrodes and conducting 
wires passing from the liquid m one tube to that m the other. These 
currents were one of the carly discoveries in electrophysiology, and have 
been experimented upon by DuBow-Reymond, 1845; Kosenthal, Isbo; 

toeber; Englemann: Hermann: Bach: Oehler; Bayliss; Bradford; 
Rei; Tallport; Waller, 1901. 

Currents Produced by Contact of the Inner and Outer Surfaces of 
lhe Shin with Acid Solutions. Choanoz's Obserrations.—An experiment 
by Chanoz! illustrates the method of detectmg bioelectric currents and 
shows the results obtained with living or dead skin formmg a dia- 
phragm between two portions of liquid. 

An inverted U-shaped tube, 1 cm. in diameter, 1s open at one end 
and closed at the other by a piece of skin held in place by an elast ie 
band. Both ends of the tube dip into vessels of the solution to ve 
tested and the tuhe 16 also completely filled with the same solution. 
Each of the outer vessels is connected by impolarizable electrodes, zine in 
a solution of sulphate of zinc, with Lipmann’s capillary A raplabal bot 
The latter should be of medium sensitiveness and small electric ee: ne 
Carpentier’s potentiometer, actuated by two Weston eclls, is used [or 
determining the difference in voltage without any calculation. ‘Ned 

The piece of skin is taken from a frog which has just been cad 
and the experiment performed 50 quickly that the current is teste 
in one and one-half minutes after the incision has been made. tial 

The experiment is made to determine the difference in poten | 
between the outer and inner surfaces of skin, when both are expo 
to « solution of the same material and the same strength. 

1. Rt. de l’acad. des Sciences, July 17 and 24, 1905. 
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==f4 > tion may be employed for an CXperi- 
; = -—] ment with a more dilute solution 
= of acid, and will then give a new 
difference of potential, such as would 
have been obtained at first with a 
dilute solution. (4) The frog’s skin continues to give electric reac- 
tions with acid solutions as long as two or three days after the frog 
has been killed. Chanoz explains these facts by the theory that strong 
acids are more powerful stimulants to the skin than weak ones, anc 
change the direction of the current of rest more quickly. 

Chanoz's interpretation of these facts and of the results reported by 
other experimenters ts as follows: 

I. Dead skin (boiled or in aleohol or fora long time in distilled water) 
does not give electric reactions. These are a property of fresh skin 
still possessing vital properties. 

Il. Galeotti has recently found that the inner surface of the skin 
hecomes negative instead of positive with a solution of KNO,, and that 
no electric reactions are obtained with solutions of KI. KCl, or KBr. 
Saline solutions generally cause the inner surface to be positive. 

Ill. Other authors, particularly A. D. Waller (Proceedings of the 
Royal Society of London, 1901 —1902.), have studied the electric reactions 
of the skin of the frog, cat, and man. They have shown that direct 
stimulation of the skin leads to a perturbation of the current of rest 
ordinarily observed. | 

Skin responds to stimulation by presenting a negative variation, 
and Waller considers this characteristic of life. 

IV. Galeotti docs not think these currents a vital phenomenon, but 
due simply to osmosis: that the skin is a membrane differently permeable 
to different ions. 

To bring about a conformity between this theory and the facts 
observed by Chanoz it is necessary to assume—(1) That the permea- 
bility changes after a certain time, and (2) that it varies with the 
concentration of the acid in contact with the skin. 

The Current of Rest.—When a region of the body i said to he 
negative to another region, this means that it corresponds to the zine 
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Testing cutaneouwt currents. 
Lhe current of rest. 
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of action Which develop Suddenly im 


n consequence of some irritation 
: Currents of rest in mucous membranes 
flow from the excretory surface of the glandular epithelia te the aire 
face where the epithe! lal cells are In relat T iT] with the blood-veesels 
If it were practicable to connect an external circuit with these two 
layers, the current would flow through the wire from the vascular to 
the secretory surface. The latter corresponds exact] 
of a Voltate cell. : 


and a5 Tapiclly cease to flow. 


met y to the zine pole 
. Phe current between the lavers of a mucous membrane 
is transmutted mostly by the epithelial cells, and may be called an entrant 
elandular current. In the skm the current of rest is generally from the 
intemal vascular to the external 
exfoliating layer. It is, therefore, 
an €merzent current. 

There 1s no current of rest In 
uninjured nervous or muscular 
tissue: but whenever such tissue 
is injured, the damaged portion 
becomes negative to any unin- 
jured portion. This produces a 
current of rest which may con- 
tinue uniform for several hours. | 
lt will contimue as a current between dving (but not between dead 
tissues) and uninjured ones. ioe 

The current of rest has long been the subject of demonstration m 
the case of muscles and nerves in the way shown in Fig. 189. A nerve 
or a cylindric portion of a muscle in its natural position is divided by 
two transverse incisions and an external circuit is applied with a delicate 
measuring instrument. Currents will flow through an external oa 
trom any point distant from the center of one of the transversely “ie 
Suriaces to anv point nearer that center. The cliagratm shows FLT num mer 
of such external elreuits with the direction of the current of rest hee 
them. It will be seen that the surface injured by a cut transvers® , 
across the muscular or nervous fibers is “negative to other parts ee 
the muscular or nervous bundle. It is found that each cut end ie eae 
the same “‘negative’’ property and in the same degree, and Asc rae 
1s fin equator gia by reference to which the polarity ‘| pee lia ti 
! Hints may be determined. The pomt which is further trom 1c ee r hic 
im either direction, is negative to a point nearer the equatot, #0" 


Fig. 180 — Current of rest m musele of 
nerve. 


cy 


ia tinje whether the points are cof the Same OF Pi opposite — hthas 
equator. Applying the test electrodes to the middle Pode = T 
transversely eut surface, at the ends of a muscular cylinder, * 





is no difference in potential and hence 


nSsertion Of a tendon mto the Pcrosttum of a hane « ITTeSs ends 
| i 


to A transversely Cut SUTIACC, ANC ACCOT lingly a tuirrent of rest. we found 
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to exist H impolarizable electrodes are applied near this attachment 
L = 


d to the Lateral surface of the muscle or tendon. 

Experiments have been made by Bernstein and Tachermak upon 
the current of fn st in muscles La} determine Ww het hi r there 1s 4 re 
existent difference m potential between the transversely cut surtace 
of a muscle and its longitudinal surface. or whether the difference 
develops later m consequence of chemic or other alteration. Bernstein 
believes that the current of rest shows its Maximum strength imme- 
diately. & Garten! thinks he has shown that - 2 or - aecond 
clapse before the current develops. wusecle ww ei HOLL 
a period of +77 second may elapse. 

A carefully prepared muscle upon whose longitudmal surface are 
Haced two non-polarizable electrodes wet with Rinecr’s solution does 
not give a current of rest (Biedermann). But R. Hober finds that a 
current of rest develops when the extremity of the muscle 1s dipped 
into a solution of potassium chlorid. Other solutions which produce 
this effect are of salts of lithium, sodium. cesium. Ammonium, rubidium, 
and potassrim with the anions C, N, 8, NO,, 1, Br, Cl, acetic acid radicle, 
SO), tartaric and citric acid radicles. In each list the last is most favor. 
able to the development of a current in the normal direction: that is, 
corresponding to a négative condition of the extremit ¥ of the muscle. 

L.. Hermann’s experiment was performed by means of a fall-rheotome 
which makes a section through the muscle simultaneously with its mak- 
ing the contact of an electric signal. The time that may elapse before 
the development of a current of rest may be the time it takes the injured 
muscular substance to die; or, according to DuBois- Reymond, it is the 
time that the semipermeable membrane takes to lose Its permeability 
lor the negative ions of the muscular fiber. 

I. Bernstein and A. Tschermak? have performed the same experiment 
under more exact conditions with an electric motor and photographie 
registration, and have shown the presence of a current of rest in an 
average of Ta OD second. This result is more in accord with the 
theory of the preéxistence of this muscular current than with any theory 
that a reeognizable alteration could occur in such an infinitesimally 
Small period of time. 

The axial current in nerves has been studied by E-. Hellwig. He 
considers that its existence is proved by the correspondence between 
the two segments of a nervous filament. It is an ascending current 
in the sciatic nerve of the frog, and a descending current in the electric 
herve of the torpedo or electric eel. This has all been established by 
DuBois-Reymond and Mendelssohn. Schultz has studied the relation 
of the spinal roots to this phenomenon: also the mAuenee cf the length 
of the nerve on the Intensity of the axial current, and the negative 
Variation possible in case of stimulation, The important fact is that 
the axial current is cellulipetal and flows from the ganglion-cell from 

' Arch. f. d. geeam. Physiologie, vol. ev, p. 201, 1004. 

* Centralb, {, Physiologie, vol. xviii, p. 499, November, 1904. 
* Arch. f. d. foam. Physiolagie, vol. chi, p. G7, 1004, 

* Arch. of Physiol., p. 239, 1809, ; 
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The Galvanic Muscular Wave or Porret-Phenomenon.—A 
muscie UNGCTEOtS changes In contractibility ; 
] 3 = 


Whe ti CLT] peal inte VAT nos 
junhis, SUC li 


1 as distilled water, solutions of the alkaline Salts, Veratrin 
mncresase in contractibility traverses the muscle in a wave-like 
u LLL. It iin piles = increase in elect ric excitability, as well as et 
city for contraction. Kuhne, in 1860, Hermann, in 1898 and 
Meirowsky' have studied this experimentally. Ranier 


The Alfalin: Demarcation Current and the Way in which if is Affected 
in; Colloids.—B. Mostinsky* has made quantitative researches upon 
He placed the gastrocnemius muscle of a frog? in contact 
with solutions of different strengths of chlorid, nitrate or monophosphate 
of potassium. This was continued until the electric potential of the 
immersed part remamed stationary. The 
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this subject. 


ei difference in potential 
between this part and a transverse section of the muscle was measured. 
There is equality between the two when a 1.3 per cent. solution of 
chlorid of potassium 1s used; the electromotive force generated at the 
line of demarcation between the alkaline solution and the electromotive 
force called the current of rest are equal. The addition of any colloid 
substance, such as albumin, for instance, reduced the electromotive 
force due to contact with the alkaline solution. The colloid substance 
interferes with the migration of ions from the liquid into the muscle. 
The unequal migration of positive and negative tons through a semi- 
permeable membrane 1s supposed to be the cause of most physiologic 
electric currents, and ions which do not diffuse through animal mem- 
branes should greatly modify physiologic currents. 

Currents of Action.—FElectric currents are produced durmg the 
activity of nerve or muscle or of glandular tissue. Those im the latter 
develop and disappear less rapidly and may be given the special designa- 
tion of seeretion currents. The epithelium performing the glandular 
function becomes “negative” to the vascular part of the gland. The 
part of the musele or nerve which is in activity is “negative” to other 
portions of the nerve or muscle. The wave of contraction in muscular 
tissue or of stimulation in nervous tissue carries with it a state of low 
électric potential. | ee 

The current of action is considered by some authors as identic: 
with nervous activit y, and by others 1S an epiphenomenon not panes 
sarily accompanying this activity. P. Shultz has cone Ce 
subject of the occurrence of an electric current corresponding ioe oes 
current of action, but without the presence of physiologic activity. 

The current of action may be passed through a beara aera ft 
induction coil, and undergo an increase in voltage so 48 to bir aber? 
physiologic effect of high-tension currents upon other animals. Pi od as 
derived from heart or musele contraction have been iaeeaea ree ‘ith 
this way by Max Cremer.‘ He has obtained very effective results W: 


1 Archiv. f. die gesam. Physiclogt, vol, Ixxiii, p. 442, 1504. 
? Thid., vol. civ, p32 Lo 
vaio 


; yl ore | ~wemnber 31, 1o04. 
5 Centratbiaté {. iologie, vol. xviii, p. G19, December 31, 19 | 
At rain aries ; at. P athol. u. Therapie, vol. xlvil, p- 137, 1905. 
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such small magnitude the greatest pre- 


to Witiate the results by the production of 
dlectromotive force in applying the measuring apparatus. Two ordimary 
metallic electrodes applied to the exposed muscle or nerve, themselves 
excellent electrolytes, form a complete voltaic couple whose electromotive 
force might be even greater than the physiologic one, and which might 
also bring about the production of an electromotive force in the tissues 
actine either with or in opposition to the natural one. In any case 
it would be difficult to sav to what extent the valucs found were due 
to natural and to artificial causes connected with the measuring instru- 


ILECTILS. 
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Fiz. 190.—DnBois-Reyvmond tmpolariz- Fir. 191.—D' Arson: als elect rove: a, 
able electrode: ao, Solution sulphate of zine: Silver on which t fused chlorid of ailver; 
b, Potter's clay saturated with salt solution. b, solution chiorid of sodium. 


Impolarizable Electrodes.—Flectrodes which are as free as pos- 
sible from any such disturbing effect are those suggested by Reynault 
and DuBois-Reymond (Fig. 190). Both electrodes are just alike, and 
each consists of an amalgamated zine rod to which the conducting wire 
is attached, and which dips into a tube filled with concentrated solution 
of zine sulphate, Zn SO,, the tube being closed at the bottom by clay 
moistened with salt solution, Na Cl. The clav is shaped like a pened, 
and is the part of the electrode that is applied to the tissues. 

The d’Arsonval impolarizable electrode is not completely so, but is 
only approximately so, and will do for the less delicate experiments. It 
consists (Fig. 191) of a tube drawn out into a fine Open point and filled 
with a solution of chlorid of sodium, 7 : 1000, in which is Immersed a 
silver wire upon which chlorid of silver has been fused. ; 

D'Arsonval electrodes, silver covered by a laver of chlorid of silver, 
are not entirely non-polarizable. These electrodes dipped in a 0.6 per 
eent. solution of sodium chlorid with a constant current show a current 
of polarization after the primary current is turned off, amounting to 
S per cent. of the latter (von Pirquet). And Homburger'’s observations 
Fo to show that they present great resistance to the flow of the current. 
Chlorid of silver is a non-conductor at ordinary temperatures, and the 
current is from the silver itself through fissures in the chlorid of silver. 
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his subject, with the result in favor of DuBois-Revmond’s electrodes 
of AMBIFAMATGd ZINC In A : 


a ; neutral saturated solution of sulphate of zine. 
Muscles et pthc are themselves polarized to a slight extent, even 
Vv very Weak Currents, without regard to the nature of the electrode. 
Currents as weak as 0.0044 milliampere will produee this effect. The 
most delicate ralvanometers are required for the measurement of these 
currents. The Thomson astatic needle or the d’Arsonval movable coil 
calvanometer, if made with a preat many turns of fine wire, 15 suitable 
for measuring the current. The capillary electrometer is the best 
instrument for use in the potentiometer mn measuring the voltage. 
The mercury and calomel normal electrode can be used in the way 
explained on p. 165, as an absolute measure of the potential of a single 
electrode applied to any part of the bodily tissues. The difference m 
potential between any two portions can be readily calculated from 
their absolute potentials. | 
The eurrent of action 1s always present when a muscle contracts Or 
a nerve transmits an impulse. This occurs whether the function vill eshte 
formed in consequence of natural or artificial causes. And there scapes 
current of action without the performance of function; and no perforn 
ance of function without a corresponding current of action. ane 
current of action is found in the muscle when the latter contracts IP 
pinching or pricking its motor nerve. re Bere a 
| Wave of Negative Variation.—The current of action re pene 
exact. the wave of low potential travels faster m the hig gre - ie 
organ than in those of lower development. Its duration ne 30 meters 
propagation is rapid. The rate ol opener i ne TBo Reymond 
a5ec0ond. A galyvanometer minty be connmectlet ” “hich uninjured, 
electrodes with two portions of the lengt : 4h Se Then f sn irritation is 
and consequently presents no current of ae rate the galvanometer 
applied to some other part of the leng th a % "8 due to the fact that 
will probably fail to show any current. ' re ‘at nearest the place of 
When the wave of low potent ial reaches t 7 Pee the other more distant 
itritation. the point reached becomes negauy « basher reaches the more 
point. At a later period the wave of low Pin  s will accordingly 
distant point, and conditions are revers™ ne direction and then in t he 
pass through the galvanometer at hentia cach a short space of time 
other, and the alternation © accomplishes in sue! 
| archiv.{. Physiologic, 15:7, ah 
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Th will incicate neither eurrent. A phiote- 
capillary electrometer will show these two currents 
other and In opt site din «tt ms, onal so will Kinthoven 3 
ter, which reacts with extreme rapidity. During a 
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i (applied at a ol t ray inehidedt between the 
electrics Irom the galvanometer), the circurt formed by the galvan- 
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phase altemating Current. Under these circumstances the ral Yanome cer 

sometimes shows a deflection indicating that the wave of low potential 

is stronger at the poimt nearest the source of irritation. and loses some 
of its strength before reaching the more distant point. The current 
wil be stronger in one direction at the first period than it i in the 

Opps site direction at the SCOT period. The TART cli Te LE nival CuTpeni 

has been given to this preponderance of current in one direction which 

is sometimes demonstrable. 

There ts a chronologic correspondence between the myographic 
curve indicating shortening or lateral swelling of a muscle stimulated 
by electricity and the electrometric curve indicating the wave of nerative 
variation."” And this is true of both isotonic and isometric contraction. 

the most satisfactory observations upon the rate of transmission 
of the “negative” wave or wave of low potential have been made upon 
living muscle and nerve preparations with parallel transverse sections. 

These tissues have a current of rest which is fairly uniform and is caused 
by the low potential at the transversely cut ends of the muscular 
cylinder or of the nerve. A potentiometer with one Du Bois- Reymond 
electrode applied at a pomt on the longitudinal surface of the muscle 
and another at the transversely cut surface will show a constant differ- 

ence in potential, which, however, 

is much reduced when the wave 

of low potential reaches the 

longitudinal point. The poten- 

; ———— tial at the latter pomt will not 

Fig. 102.— Testing « corset . if fall below that of the trans- 

variation, Two impolatieabse siabecodee are versely cut end, b ut It 13 reduced 

plied. ~ 0 an extent and m a way which 

Le. | ean be accurately determined. 

Apply impolarizable electrodes at S near cut surface and ZL on 

lateral surface of the nerve shown in Fig. 192. Then a current flows 
through the galvanometer from L ta S which is negative. 

_ Now apply a tetanizing current at a—b. All parts of the nerve are 
affected as if injured and the pomt becomes negative in comparison 
with what it was before. There is less difference between EL and S& 
and the current of rest is diminished. The wave of low potential 
(Fig. 193) produces a very sharp fall in potential, followed by a more 
gradual rise to the original level. It starts from the place of irritation 
at the moment that the latter is applied, without any latent period, 
and reaches different points in periods of time proportional to their 
distance from the point of irritation. It travels m muscle at the same 
rate as the wave of contraction. but very slightly in advance. It does 
hot necessarily reach its maximum electrically before the museular 
contraction begins. 

! Paul Jensen, Arch. f. d. ges. Physiol., xxvii, 107, 1899. 
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The duration of the negative WAVE AL aAnY POM Varies mversely 


with the rapmlty of Progress OF The Wave, AM with the abt LPI nS of 


its rise and fall. Exampli = 
eiven by Bomuitt luration + 
oft the low potential arc: (1) 
In the striped muscular fiber 
of the sartorls in aétrog, 


0.06 second or more, and ol 
this, 0.005 second clapses be- 


i oh he 


tween the commencement and 45. yog_—The wave of negative variation oc 
the maximum of the wave; lon potinatial: 
the subsidence takes ten times 
as long. (2) In the selatic nerve of a frog the wave takes 0.006 or 
more second to pass a given point and 0.001 to reach its maximum. 
The words irritation, stimulation, and stimulus are used ¢ynony- 
mously in these paragraphs. 
An alternat mg CUITCHE Passes through an external conductor whose 
two electrodes are applied at points along the course of a nerve or 
musele at different distances from the pomt of irritation. In the cage 
of a single application of the irritation the electric potential at the nearer 
point as compared with that at the farther pomt will show changes 
correspondmg with the wave of low potential, providing that the two 


y 
Fir y 

) 
r 
aa 
ll 
ie 


Pig. 14.—Alternating relative potential produced as the wave of negative variation 
ad vere. 


points are far enough apart for the wave to completely pass the frst 
before any part of it reaches the second point and providing the wave 
loses but little force (in the shape of decremential current). ‘The gt aphic 
chart of the potentiometer would give the potential at the first poimt, 
relative to that at the farther point, shown in Fig. 194. Betore the 
arrival of the wave of low potential the relative potential is zero; with the 
arrival of the wave it falls by a sharp incline a few hundredths of a volt 
and then by a much longer incline rises to the zero level where it remains 
until it shows an abrupt rise of a few hundredths of a volt and a gradual 
fall to the zero level. This curve of relative high tension at the nearer 
point mudlcaten the presence of the wave of low potential at the further 
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ipplied to the lateral surtace anu the Cut end Off a nerve. 
er, bemg injured tissue. is negative to the former, and 9 Current 
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Ivanometer from the lateral surface to the cut end. 
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Hows through the ga 
A faradie current mat p | 
maced close together at pomts at some distance, and both in the same 
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ra ait applied Lan the nerve cy i} electrodes 


lirection. from the part to be tested. This stimulation CAUSES Gach 


eed 


successive part of the nerve to ehave as if mjured. The ralvanometer 


Lo 
shows a weaker current from the latcral suriace to the cut extremity 
of the nerve, and this indicates that the lateral surface has changed) 
toward a necative electric potential. : 

It is very easy to observe the negative variation caused by a con- 
tinuous current fowme for a considerable length of time, and tt is alsn 
possible hy delicate ADDArALUS WO show the nevative variation due to a 
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CUITEnRL Lasting Tio lonmrer than an electric spark. Sieh observations 
as the latter show that the negative Variation OCCUrS & certain lenrth 
of time after the application of the stimulus. and that the retaridaty Hr) 
is in proportion to the length of nerve to be traversed. The negative 
Variai ion or condition of negative electric charge aivanees In & Wave- 
hike manner from the point of application. The rate of propagation 
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of the wave of negative variation is found to be the same as that of the 
transmission of the nervous impulse. 

Negative Variation in Muscle—This may be produced in the same 
Way a5 ma nerve, and 1s similar in character. 
: Masking of fhe Wave of Loew Patenhal fy Superposition ( Termann).— 
This does not oecur when only the absolute potential at a single point 
is observed. There the wave is seen to pass as a single sharp depression 
from the original level, and a more gradual return to it. There is 
has an absolute potentey espe direction. ‘The original level 
superposition when the sclermee oF ow potential masked by 
points the distance bets ere potential is observed between two 
the wave. In this case the Ses is greater than the total length ot 
to the original level of ec ual nO ha poe at the ne sgphcetl Loui cup 
reaches the further anne hee before the wave of low [™ tential 
potential at the first point t] z ae nas entire passage of the wave of low 
the second point. and the cha oye =e no change from the original level at 
fla panes oh cee ce ang in relative potential is due simply to 
the wave at the second x sae point. Similarly, the passage of 
relative potential at this time, for tie etm determining the 
point has before this retarne, hoe the absolute potential at the first 
and remains there. This eand? t ic original level of equal potential, 
original equal potential i« nuh 2 Shown in Fig. 194, where the 

equal potential is marked O, not because the absolute potential 
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oro, but because the chart 16 one of the relative potential 
rp mnt As compre with the p tential Li 1 he further Pome. 
arked © is the level at which there is no difference in poten- 
tween the two points. 


which superposition masks the wave of low potential is 

he electrodes of the potentiometer are applied at pomts 
es near together that the beginning of the wave of low potential reaches 
, hi = 4 - 


ve has completely passed the nearer 


e bret THPe wore €h 
ehe further pont before thi 


MOTI. The relative potential 


at the first point 1 determined parily 
ie the change m absolute potential occurring there as the wave ot low 


sotential passes, aml also by the change in absolute potential at the 


ct relative potential, the 
heavy line bemge the actual curve. The dotted hne shows the curve 


bank 
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‘urther pomt. Fig. 195 shows the curve 
7 


at. the first point alone. The mterrupted line shows the curve of relative 
notential which would occur under the influence of the wave of low 
notential at the further point alone. At the beginning the wave of low 
potential is not masked. and the curve is due simply to the wave of low 
potential at the nearer pomt. But at a later period of time, represented 
by progress toward the right m the diagram, the curve is modified by 
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Fic. 195 —Masking of the wave of Fig. 196.—Current during the first phase of 
negative variation by superposition. the wave of low potential. 


the fact that the wave of low potential has reached the further pomt. 
At any given time after this the actual relative potential at the nearer 
pomt is intermediate between the relatively low potential due to the 
wave of low potential at this point and the relatively high potential ab 
this point due to the wave of low potential at the further pomt. The 
result, as shown in the diagram, is that a potentiometer whose specially 
prepared electrodes are at two points of the longitudinal SUrlAce ol the 
nerve will show the wave of low potential as a sharp fall in relative 
potential at the nearer point, with an equally sharp recovery, but with 
only a slight deviation in the opposite direction, of relatively high 
potential. The second phase ts still further reduced if there 13 4 material 
loss in power, as the wave of low potential progresses along the nerve 
(decremential current). Accordingly, an exceedingly sensitive galva- 
nometer,—4000 to 24.000 turns of very fine wire —connected with two 
points of the length of a nerve nearer together than the length of the 
wave of low potential, would show the presence of a decided current 

In a direction from the further to the nearer point in the external circuit, 

followed by a much weaker current in the opposite direction. 15° 

direction of the stronger current in the nerve is away from the source 

of irritation and of the weaker current toward the point of urmtahon. 

Fig. 196 shows the direction of the current during the first phase of the 
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In potenttal. an 
potential consequent upon a single IF , : TLS 
the usual abrupt fall, but a much more gradual rise to the original level. 
When the influences referred to were very marked, the fall in potential 


would also be retarded. 

Effect of Narcotics wpen Negative Variation im the Nerve—A nerve 
which is exposed to the Wekpeor of ether or of chloroform does not exhibit 
ny nerative variat lon when stimulated, but 1 will do so after the harcotic 
is withdrawn unless it has been applied too strongly or for too long a time. 

Carbonic acid incresses the negative variation in small doses, but it 
acts like chloroform or ether when applied in large doses. 

Absence of Effect of Fatique wpen Negative Variation in the Nerve— 
Stimulation of the nerve at regular tervals every minute, forexample 
—results in an equal negative variation, as shown by the electrometer, 
but the resulting muscular contraction becomes progressively less. 
The negative variation: in the nerve is closely associated with the 
transmission of the nervous impulse. The fact that no diminution 
takes place in the negative variation of the nerve leads to the conclusion 
that the nerve does not undergo a change in transmissibility in conse 
quence of fatigue. The lessened muscular contraction is duc, therefore, 
to fatigue of the muscle itself, 

Cold retards every portion of the wave and draws out the graphic 
curve In a horizontal direction, while warmth has a cont rary ¢ffect. 
Space Ss Boruttau, both these influence only the portion of the 
= muscle to which they are applied, not the other portions of 
ts length. | | 
bs soe are gears ' thers to be described arise in the Various 
fumetionsof animal snd vegetable tie ee ee ae 
cases, however. that the Nghe lite. lt Is only a eben Or aa 
effects perceptible without the aid pape a ” ee = a tric 
fish and eels do. however. pro Ge oF SPPArass. Ehe venous ah 
tO SCTVe as means of alten ia det oe tne cucharens vanes aah ; 
effect upon other living spe oF « éttnse, and to produce nt beau 
may be generated apparently at coq) co erative force of 100 voy 
These organs resemble histylech qe ee eette organs of these Be 
fbers are arranged fea iene modified muscles m which the 
each fiber is completely boa ¥ instead of longitudinally, and in whie 
the other side has srt laos on one side by a nerve-ending, yer 
little condenser charged rEg sheath. Each fiber forms a complet 

at will, and these condensers may be regarer 
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SCrics. Lhe voltage 1s sutiicient tic produce 
md the LiMn Terage 15 distinctly appreciable by the 
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of action occur im plants, especially in the sensitive plant 


a 
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‘rs which respond visibly to irritation. 


| 1 1H They are@ similar ca 
animals. but the ware of low potential Progresses nore slowly. 


he rate of Progress ot the wave of low potential, not over 30 meters 
second, and often very much less im the ease of the current of action 
inl plants OF animals, does not indicate the rate of transmission of the 
same electric Curren through the tissues. It simply COrresponds with 
the changing position of the active electrode in the natural voltaic 
ouple whose electromotive force causes the current of action. *Fig. 197 
nay serve to clucidate the matter. 
The velocity at which the current flows. possibly ISOL000 mules a 
re lie ich. VA il] not he materially altered if the pair ot electrocdcs Te move 


Fic. 197.—A. zine and a copper electrode are immersed at the points r and tin a 
lomg trourh of a liquid or gelatinous clectrolyte and are connected by an external circuit 
Which includes a galvanometer. Chemic action takes place by which the finc & attacked 
and becomes the negative pole of the resulting voltaic cell. The zine becomes “negative” 
to the copper in the sense that its potent ial outside of the quid ia lower than that of the 
copper, and the current in the external circuit ie shown br the galvanometer to pasa 
from the copper to the zine. Of course, the current is continued through the electrolyte 
from the zine to the copper.’ 


through the electrolyte at the rate of a few yards a second to the 
Positions w and =z. 

The analogy is very close. As in the case of the zine electrode, the 
processes taking place at the area of low potential in the nerve or 
muscle are the cause of the electromotive foree. Under the mfluence 
of a power inherent in living tissue this area of chemic of phyoes! 
change advanees from one part of the nerve or muscle to another, 2s 
so the point of origin of the electromotive force, or the Ren i 
passes along the tissue. The position of the copper is pea bears 
Tl determining the direction of the current from the zinc electrot : 
through the electrolyte, and by its distance, the amount of resistance. 
The same remarks are true of the other condition when the wave of low 

iMential ts at oc Jectrode. ene peg 
2 Local parent nt point aut which an irritation aba! 
plied undergoes a change in potential which 1s of longer or shorter i ma 
tion. It becomes “negative” to the unirritated neighboring PTR ex- 
is distinet trom tba ae gressive negative wave, and 1s also not to be et 
plained as merely an effect of polarization by the application for or Pees 
tric current, sich 4 might occur at an electrode in an Inorganic ereckre 

iA . iehed in a ich in such a case the zinc called the 
ddectroposaive cheseet wad mad me eae the negative pele of the voltaic cell 
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current 1s applied by the two electrodes. The portion “beyond the 
anode” has no reference to the idea of distal or proximal as regards the 
parte relation of the parts in the living animal. lt simply means the 


part of the nerve or muscle nearest the anode, but not meluded between 


the cathode and the anode. Keference to Fig. 195,. n which the 
Suctition of catelectrotonus is Indicated at ¢ and of anelectrotonus ata, 
will show that the current through the nerve in each case is m the same 
direction as the battery current through the portion of the nerve between 
the LW eloet robes. 

Electrotonic Currents.—These are vital phenomena, not merely 
dependent upon the effect which the battery current would produce in 


Fig. 199.—Direction of extrapolar currents in case of simple diffusion. 


portions of an morganic conductor outside of the part between the two 
electrodes. In fact, except between the electrodes the currents are the 
reverse of those which would be produced by electric diffusion (Fig. 199). 

They are continuous currents in the direction shown in Fig. 19%, 
and begin with the application of the battery current and continue 
to flow as long as it docs. They are different from the current of 
action which if due to the application of a voltaic current would 
occur only at the beginning and the end of that application. Electro- 
tonic currents occur simultaneously in different parts of the nerve or 
muscle, and become very much weaker or even entirely disappear at 
a distance from the portion meluded between the electrodes. The 
current of action, on the other hand, progresses in a wave-like manner, 
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niluenced by various conditions, Under 
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Ive wave m the current of act ton) where the rotential is 
ively high, and which oceurs under quite different conditions. 
‘different currents have been described as a group of currents 

alting from vital processes. They are not necessarily physiologic 
effects of electricity, although the application of the latter is one of the 
most convenient means of excitme these as well as other vital phenomens 


experimentally. 


Modifications in Electrotonus.—Electrotonic currents do not pass 
bevond a litature tied tightly around a nerve. 
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Fie. 2M).—Efecta of electrotonus at various distances from the electrodes. 


Electrotonic phenomena are much diminished by anesthetics. — 
Electrotonic currents do not immediately disappear when the 
current is turned off, but persist for a certain length of time with 
oscillation both in the current strength and In nervous conductibility. 
Electrotonic currents Increase in tensity with the strength ol thee 
exciting current, and diminish very rapidly with the distance from the 
portion between the electrodes (Fig. 200). ccnrte ae 
Physiologic Effects of Electrotonus.—The excitability of the 
nerve is increased in the region of catelectrotonus and diminished he 
that of anclectrotonus. ‘This is true both beyond and between a 
electrodes. The diagram in Fig. 200 shows the varied excitabilits 0 
the nerve—pereatest near the cathode and least near the anode. on 
Exeitability is verv decidedly affected by eclectrotonus. Pig. = ti 
¢, indicates that at a point midway between the elect rodes the exc 
bility is unchanged. Proceeding toward and fora short distance be} oS , 
the negative electrode we find that the excitability progressive) 
increases. and then beyond that point: it again diminishes to zero. 
Leaving the central point, we find that the excitability gradually 
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the electrodes and cause contraction of the muscle om ipplied by the 
nerve. Or, if it does so, it will be with reduced power { Fi ug. 201). 

Fie. 202 shows the effect of anclectrotonus in reducing nervous 
excitability. The nerve in this case is simply exposed, not cut out of 


Fig. 202.—Nervous excitability diminkhed by anelectrotoni. 


the body. The portion in which anelectrotonus is present is that 
between the galvanic electrodes and the muscle, and to this part an 
electrode from a faradic coil is applied. The other faradic electrode 13 


—<— 3 a tata ec roe 
Fig. 203.—Catelectrotonus Inerenaes nervous excitability. 


applied to some indifferent part of the animal's body. The presence 
of anelectrotonus reduces the excitability, and makes it necessary to 


apply a stronger faradic current than usual in order to produce muscular 
contraction. 
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blocking upon this principle is made use of in neuralgia. The 
" hea to the nerve and the current is Ser niger for SCneory frie 
* TODO nerves, 
crease of excitability produced Dy catelectrotonus 1 illus- 
trace by J i. “AUN. 
jlectrotonus Explained on the Theory that the Nerve Acts as 
z Cored Conductor. lf tyro electrodes are applied to two pot 5 On # 
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as in Fig. 204, and the current be a continuous 
me, i will traverse only the a a of the wire between the two elec- 
rrodes, and im a direction irom the positive to the negative electrode. 


lt is different, however, if the wire be immersed m a trough of galt 


elution, which 1s a much poorer conductor of electricity than the wire 
(Fig. D5). A part of the current will pass [rom OTe electrode to the 
other through the liqniicl alone. Another part of the current traced 
from the Positive electri le will be found Lo fo through the liquid to 
the nearest part of the wire, and follow this PChOHCL conducting path toward 
the ofner electrode. Other portions Of thie cirrernte rad ate heats 
most ive clectrode through the liquid in} every direction. Pa TP 
diferent. points on the wire—some on the portion beyond the positive 
electrode, others between the two electrodes, but practically none beyond 
the negat ive electrode. As we shall see later, the current or the electric 
pressure In the liq 1s in the opposite clirection beyond that point. 
The current flows in the same direction through every portion of the 
wire. In the portion beyond the positive electrode currents entering 
the wire at any point find the best conducting path through the Wire 
toward the negative electrode. In the portion between the two elec- 
trodes the hest. conducting path 18 through the wire toward the negative 


eee = 


Fic. S4.—Conduction through a simple wire when electrodes are applied laterally. 


electrode. But. of course, at every point some current Is escaping from 
the wire to pass through the liquid to the negative electrode. The same 
escape of the current from the wire through the liquid to the Beeaiare 
electrode takes place Al every pomt bevond the negative electrode, sp 
this enables the current to traverse the wire in the original direction 
right to the end. Theescape of current to or from the wire Is greates’ at 
points close to the electrodes where the force of attraction by ote. Oppe: 
site polarity is greatest, anc it is least at points far away from €1 . 


trode, where the attraction is very much weakened by coer A 
the liquid through which the current must pass. U nder nk fuecaire = 
of the experiment the only current which can pas appt sently, the 
that which enters and leaves it through the liquid. Raven eeeR: near 
current through the wire is strongest between the seers rep eee 
them, and becomes very weak at a distance from them, eet ‘Ilustrate 
flows in the same direction. If 1t proves to 2 Sechate ‘ "> ‘ plained 
In a crude ‘manner that the phenomena of electrotonus may | e ey aan: 
upon the theory that they ay due to the nerve acting 45 4 c™™ 

uctor (Ke r, m German). aka! witl 
oe es a has been actually performed by J. Sosnows' ier 
& copper wire embedded in a bar of carbon. The phenomens © 

| | Centralblatt. {. Physiologie, xix, 33, April 22, 1000. 
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THE CAUSE OF ANIMAL ELECTRICITY: AN EXAMPLE OF A CONCENTRA- 
TION CELL 

Two portions of liquid containing an electrolytic salt in different 
degrees of c mcentration and separated by a permeable or a “‘semi- 
permeable’”’ membrane form a concentration cell. The mifration of 
Ions through the partit Ion by osmotic Pressure FIVes rise to 9 difference 
In potential. If a non-polarizable e¢lectrode—one not acted upon by 
elect ri ilysis—be placed in each portion F rf fluid. an elect ric Current will 
pass through an external circuit, connecting the two. 

There is no doubt that vital electric currents are produced in this 
feneral manner. The ordinary processes account for differences in 
chemic composition whenever there js 4 dividing membrane. But the 
CXaCI mode of devel pment of a difference in potent lal at a part icular 
time remains the subject of hypothesis int spite of the many important 
observations by Waller! Boruttan: Tschagowetz2 Oker-Blom.* 
MacDonald > Bernstein" and Boruttau,” besides the earlier classic 
observations of Du Bois-Rey mond, Rutherford. and 4 ataeit of ot hers. 

The following paragraphs are translated from Boruttau. who has 
studied the subject experimentally and has collated: the most recent 
observations of others: 

“All the electric phenomena iT living tissues can only be considered 
| ' Croonian Lectures, in Philosophical Transactions of the Royal Society of 
London, vol. elxxxviii, 1897. 

; Fioger’s Archiv. flr Lene csammte Phvrsiologie, vol. bexxiv, p. 346, 1501. 

maiderations pon Fleetrie Phenomena, ete., St. Petersburg, 1903. 

* Piliger’s Archiv, vol. Ixxxiy. p. 191, LOL. 

« Emceedings of Royal Society, 1900: 

* Plliger’s Archiv, vol. xcii, p. 521, 1900: 

' Die Flektrizitat in der Medizin und Biologie, published in Wiesbaden, 1906, 
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rE: the sheath Structure. such a8 the 
literence in concentration is present 
vane | embrane when electric currents are produced 
ritation or natural activity. This may be referred to as increased 
S00 (ret rograde tissue change or disintegration) at the point 

Y, death of tissue, or irritation. Stimulation is produced in the 
tance imside of the cell-wall. not in the outer intercellular fluid. 


t will be remembered that the irritated place always becomes ‘negative’ 


in the same sense as the zine in a voltaic cell (really electropositive). 
Consequently, it must be negatively charged ions or anions (ions which 
travel toward the anode) that are liberated by the increased retrograde 
tissue changes and press upon the limitmg membrane from the inside 
of the tissue-cell which is impervious to them. The positively charged 
ions or cations liberated at the same time are free to pass in every 
(direction from the altered place, passing readily through the cell-mem- 
brane into the enveloping liquid, described below. 

“It must be remembered that free acid results from the death or 
activity of muscle or other tissue, and Waller and Boruttau have called 
attention to the fact that various modifications of the current of action 
im nerves during activity are analogous to those resulting from the action 
of carbonic acid. Tschagowetz has attempted to calculate the electro- 
motive foree from the probable concentration of the carbonic acid in 
the tissue-cells, and found an electromotive force corresponding quite 
closely with the observed electromotive force. 

‘But the process can hardly be as simple as would be represented 


by the mere statement that H cations are freely movable, while the 


CO, anions cannot pass through the limiting membrane. — Living 
albumin contains, for example, alkaline salts in loose combmation, and 
it seems capable of itself acting as an organic acid. And by its disinte- 
gration metallic Ions May ADPeGAr as Cations and complicated albu- 
minoi products as anions, which, on account of their complex molecular 
structure, cannot pass through the ‘membrane. # hen, again, i 
demonstrable acidification does not necessarily mdicate an actu: 


excess of H tons. | senha ye 

“Waller, in his book ‘Kennzeichen des Lebens Senders 
Evidences of Life’), goes somewhat too far in speaking of an (e ste 
solution pressure (or osmotic pressure) or the Stay ec ides. 
expression has so far been applied only to metallic salts; and, besies, 
that it would be necessary to limit it to the cations. < shavior') 

“The ‘positivity’ (or, more properly, ‘electronegative behave 2 
accompanying Increased assimilation, as in the positive Ate eee tek 
and in anelectrotonus, etc., can be explained only on the theory 
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ne focal concentration is diminished by the synthetic process, or that 
the cations which do pass through the ‘membrane’ are repelled in con- 
sequence of the proximity of an anode, 


‘Oker-Blom and MacDonald, besides Tschagowetz, have sought 


additional evidence in favor of the concentration cell theary a 
the demarestion current.' dhey applied different 
hy pertonie solutions to a muscle and to its transversely 
then tested the difference in potential, usme unpolsariz- 
i L)ker-Blom concludes that the coneentration cell 
arises from the alteration in the tissue: while MacDonald and Bernstein 
conclude that a dificrence in concentration was previously existent 
between the protoplasm and the enveloping fluid and whea there is an 
injury, this difference In concentration is conducted at only one place, 
through the medium of the ‘membrane.’ Both of these au: hors prefer 
the ‘membrane’ theon to the alteration the WY. But this cannot aate- 
factorily account for the current of action influenced. as it is by narcosis 
and fatigue. 

“The theory of a protoplasmic limiting ‘membrane’ is of funda- 
mental Importance m accounting for local differences in potential 
currents from Injury, secretion currents, blaze currents, and it is alsa 
necessary in the case of every extension and progress of differences in 
electric potential where the alteration theory alone is insufficient 
(Boruttau). 

“It 1s necessary to assume the existence, besides the limit ing ‘mem- 
brane,’ of an enveloping liquid, which normally is isosmotic with the 
cell contents. There are also fbrillary structures which conduct 
stimuli, muscle fibrilla in the sarcoplasma, neurofibrilla in the axis- 
cylinder liquid, ete. There are, conse: juently, structures which DMISSCS3 
a certain analogy to the polarized nuclear conducting models which were 
formerly 20 much used, as in demonstrations of the electrotonie currents 
i nerves, ete. The resemblance is to the extent that the local equaliza- 
t Ion of concentration difierence and of potential cifterence (local current) 
causes the same thing to take place in the adjacent tissuc. ete. In other 
words, this theory of nuclear conducting fibrilla and a limiting mem- 
brane with an enveloping liquid explains the wave-like progress of the 
Current of action with the CONCUITENt wave of cont raction. and probably 
a wave-like Progress of tissue changes. The limit ing membrane theory 
(concent ration cell theory, . T.) furnishes the key to the understanding 
ol the conduction of stimuli upxin electrochemic principles. 

"Not much can be said here about the mathematic calculations, 
which al present COnCEni only polarized nuclear conductors of Her. 
mann, Hoorweg, and Cremer, but they are still in an incomplete state, 

* The origin of the extrapolar electrotonic Currents 13 directly 
dependent upon the attraction or repulsion of the tons of the envelop- 
In liquid by the battery electrodes ancl the somipermeable character 
of the limiting membrane. The more resistant ia the membrane, the 
stronger the current: it is greatest in medullated nerves, and least in 
muscular fibers,” 

; Significance of the “ Alteration Negativity.""—“‘Regions of 
tissue changes immediately become ‘negative’ in consequence of the 

" This has reference to the current of rest which occurs between dying tissue 
and tissue on the other side of the line of demareation between the living tissue 
ard that which ia dying. 
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; 0 Second; i irve: ancl c. the alee? rometric 
eo : ae VERETHUS MUSCLe of a trog was not detached ariel the 
ood CCU IAGO was undisturbed but the musele was jinetroetne hs 
. bi connecting i with the mvograph. feo nonicpolabieahls 
crowds = COMACCLEC aite Misti with the cantlary eloctranietar which 
showed 4 current of rest equal to 0.105 volts. sisi 
) This was compensated according to duBois-Reymond’s method. ‘The 
atari! BES Was stimulated my Sulu hy isolated induction shocks (cur- 
rents [rom an induction coil produced the opening and elosine of the 
primary current) at the rate of 11 openings shocks antacid 
nyograph inclicates . dt 


an incomplete rhythmic tetanus. 
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I bor. SA. rorraphic ana electroametric curves chairing stimulation by isolated induc- 
tion shocks. 


The clectrometric curve which is the special subject of this study 
does not show itself like the teeth of a comb as duBois-Reymond tee 
posed. Under the influence of each stimulation A Wave Of negative 
cleetrical potential traverses the muscle and the waves of negative Varia- 
tion succeed each other 30 rapidly with stimuli applied at the rate 
mentioned that they overlap. The potential or voltage has nee meen 
reached the zero point before the next wave arrives. I he result ment 
curve somewhat resembling a flight of stars. rhe yertical distances 
in the chart marked 0, 10, 20, and up to 100 are millivolts. 1 AF ar 

Thies. clans Gintke mans ee MISTS TOTS like the teeth of a Saw. 
The [ itential is sometimes reversed so that the meant e below the es 
of abseissas instead of above it. These variations occur m different 
states of the muscle depending upon drying of its surface from exposure 
to the air and the condition of the circulation Inte 

‘ Journal de Physiologie et de Pathologie Generale, VOL “i, py OG, LAM, 
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‘The WWaArious photographs corroborate Helmbholtz’s andl BRezolel’s 


ohscrvation that the negative varnation in the musch begins hefare the 
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lar contraction which accompanies i, and forms a continuous 


muscular contraction. Each negative wave Ias 
th the succeeding wave. 

The myographic curve falls very rapidly alter shutting off a Current 

which has caused muscular tetanus, but the eleetrometric curve max 
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Tehinev's conclusion im regard to muscular currents is that negative 
variation and muscular contraction do not depend upon one another. 
but upon a common cause—the stimulation of the muscle. 

Tehiriev’s Conclusions in Regard to Bio-electric Currents. 
1. The living and periectly intact tissues and organs. for example, nerve, 
brain, and heart, do not show even slicht currents or difference in 
potent ial, which could rs asibly be considered as playing s role m the 
performance of their functions or m the activities of the general svstem. 

>. The same tissues show a difference im notential when thet re 
injured. The imyured part is negative to the uninjured part. The 
ransversely cut surface of a muscle or a nerve is negative to the longi- 
tudinal surface of the fibers. 

$. The sources of this electromotive force are preéxistent in the 
tissues. This ts shown by (2) The difference in potential when injured: 
(6) the various phenomena of electrotonus; (c) the electric organs of 
certain fishes. 3 

4. Stimulation of mtact tissues, such as nerves and muscles, produces 
physiologic effects, but not a trace of change in electric potential. 
2. li the muscle or nerve has been injured and hence gives an 
electric current of its own, stimulation will then produce an electric effect 
in addition to the physiologic effect. of contraction or other activity. 
The electric effect is purely fi physical one, 3 nerative Yanriation. and 
the stronger the muscular current proper, and the fresher and more 
vital the tissues, the stronger is this negative variation,resulting from 
stimulation. 

6. The mode of production of this negative variation seems to be 


that the denuded sources of electromotive force undergo a change in 
Position which makes them act more leebly. This depends upon a 
physical mobility, and consequently muscle, on account of rigor mortis, 
soon ceases to show a negative variation when stimulated: but nerve 
retains this property for a long time. 

7. Physiologic funetion and negative variation are independent of 
each other a5 to time and amount. 

S. Stimulation is transmitted along intact nerve-fibers independ- 
ently OF ANY SOrt of Variation in electric potential. There is no electric 
variation to be found in testing the surface of the intact brain when 
the organs of sense are stimulated. 

O. Rhythmie stimulation of the nerve supplying an uninjured 
muscle not detached from the body, and with its circulation unim- 
paired, produces contraction, but no electric currents. There may be 
awe contractions or tetanus. There is either no electric change or 
insignificant oscillations of less than 0,001 millivolt. : 

= 10. Muscular CONT raction HS he produced through the iM termediarv 
of the spinal cord, or by chemie stimulation of the nerve, or by electrol- 
Yas, 05 observed after the rupture of a constant current which has 
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Inj ‘ured tissues and Organs, espec L: ully Tmuscles and nerves. show 
certain elec tromotive chi anges when performing physiologic hurie Lions, 
Alt it does not tollow that these e lec ‘tric properties whic % are in herent 
in the tissues take any mone direct Part iM phy slologic activity than 
the other phvsical and chemic properties of the tissues. 

14. Elee trotonus of a nerve 18 not a process of polarization in the 
ordinary sense in which that takes place m inorganic substances, but is 
due to a displacement of the sources of elec tromotive force in the nerve 
itself under the influence of the constant current. 

These are the deliberately formed opimions of a man who has made 
wonderfully careful measurements of the actual elec tric conditions 

COM pens ing physiologic activity. He does not think that under 
normal conditions there are electric currents of sufficient tensity to 
be the caus ative factor m phy slologic activity. He thinks that the 
int Ani itesim: | currents whic oh are NOrii ally present Are onlv ad DArT of the 
general chemie and physical changes occurring m living tissues, and are 

not the sole and regulating causes of activity. Ac cording to his view, 
phy sioloric eurrents of electricit¥ are phenomena, not causative factors 
on of nervous stimulation. 
of muscular contraction and of transmis ‘ill remain true that elec- 
- these views are correct, I haar effective means of exciting 
tricity artificially applied is one of the mos 


physiologic activity. 
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PHISIOLOGIC EFFECTS OF ELECTRICITY UPON MICROORGANISMS 


Galvanotaxis occurs When a Current of electricity passes through # 
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OtAer @lectr Lc Lie] the influence ct the CUPrTernt. 
dency of a In ng organism LO Arranre itself So that rts long 
ar m certain relation, either parallel] Or Ab A right angie to 
the direction of the current, is called galranotaris. It is analogous to 
the way in which a shoal of small fishes will all head the same way. 
swimming against the current which is Carrving them along In a brook. 

These properties are exhibited by living organisms of different sizes. 
even by those which consist of only a single cell. Protozoa, infusoria. 
fish, and tadpoles have been used in many experiments. 

Galvanotaxis seems to permit of a purely physicochemic explanation 
as not necessarily a vital phenomenon. A cell may acquire an electric 
charge from the unequal penetration of ions of difierent sizes (positive 
or negative) through its enveloping membrane. This depends upon 
the semipermeable ch aracter of the membrane. ancl the osmotic Dressiure 
and degree of concentration of the positive or negative ions inside the 
cell, and im the electrolytic solution in which it hes. A cell which has 
thus acquired a positive electric charge will be attracted toward the 
negative electrode, and one with a negative charge will tend to move 
toward the positive electrode. A. Coehm and W. Barrott! have studied 
the phenomena of galvanotaxis from this pomt of view. Paramecia, 
large ciliated infusoria, swim toward the cathode when in 4 dilute 
solution of sodium chlorid. But it is not so si mple a matter with fish 
and other highly organized animals, where the central nervous system 
and other complex organs must be called into play. 

Galvanotropism jis still more complicated, and seems decidedly 
the effect of stimulation of living tissues and not a mere physical effect 
upon a certam mass of matter. It is the growth or bending of a living 
Organism into a certain relation with a galvanic current. It may be 
hikened to the growth of a house-plant toward a lighted window. The 
early observations of Verworn and Lidloff have been supplemented by 
the studies of Henr Mouton,? distinguishing between galvanotropism 
and the chemiotropic effect produced upon infusoria from chemic changes 
in the neighborhood of the electrodes. 

The still more recent observations of P. Statkewitsch? show the 
effect of different electric applications. Periodically alternating currents 
with a slow rhythm cause paramecia to undergo a balancing movement 
through a hali-cirele. so as to present their anterior extremity toward 
the cathode each time. But with a more rapid alternation of the 
current there is transverse galvanotropism and galvanotaxis. These 
phenomena take place first in the central part of the preparation, when 

' Leitechrift fir ally. Physiol., vol. v, p. 1, 1905. 
7C. BR. Aead. des Sei. 27, 1247, May 14, 1895, 
* Journal de Physiologie et de Pathologie Generale, 1905. 
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explained by cataphoresis or any purely physical theory. It is 


warhy. however, that inorganic particles may exhibit motion under 
— fii 


enee of the same current, and this is sometimes in the opposite 
rection from that taken by protozoa. 

Microéreanisms undergo changes mm shape and consistence under 
the influence of an electric current passing through the medium m which 
they lic. The ameba puts out projections from the cell-body, pseudo- 
pod: toward the anode, and undergoes granular degeneration when 
too strong a current is apphed. 

It anrears to the author that these different phenomena have partly 
a physical and partly a physiologic basis; that there are the direct effects 
i iomizath Th. secondary chemie chamres, cataph Tess, and heat LOT 
rhe substance of the organisms, as well as the indirect effects excited 
n the organism by these actions of the electric current. 

Schatzki has experimented with a rariety of pathogenic micro- 
organisms, especially noting the effect at a distance from both poles. 
He found that galvanic currents of from 20 to 30 milliamperes, applied 
for from one and one-half to two hours, completely abolished the 
virulence of these microbes: succeeding generations from microbes thus 
galvanized possessed less vitality as to virulence, as to activity, and as 
to growth. The medium through which the current was passed wae 
contained in a glass tube 1 cm. in diameter and 20 cm. long. 


PHYSIOLOGIC EFFECTS UPON VERTEBRATE ANIMALS 


The most important part of the effect of low-tension currents— 
up to 110 volts—is upon the heart. There is a fibrillary tremor, an 
irregular fluttering of the ventricles, while the auricles contmue to beat 
regularly. This has been studied by applying induced currents to the 
exposed heart of different animals. The exposed heart of a dog never 
regains its rhythmic beat after fibrillary tremor has been caused by 
induced currents. The exposed heart in an adult guinea-pig can be 
revived with difficulty by cardiac massage and artificial respiration. 
A rabbit's heart usually revives spontaneously. The rat's heart revives 
4s soon as the current is turned off. 

There is the same effect upon the heart when low-tension alternating 
currents are applied to the unoperated animal throu gh mouth and rectal 
electrodes. | 

The electric resistance in a dog weighing twelve to twenty-four 
pounds is from 250 to 350 ohms, and an alternating current of five votls 
for ten seconds sometimes causes a cry of pain, or sometimes nothing 
beyond a slight rise in blood-pressure. 

‘ Bulletin officiel de la Société francaise d'Electrothérapie, December, 1907. 
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‘the tetanic contraction recovers and contimues for quite 


mation is not much affected. ‘The corneal reflex is 


results from almost instant cardiac paralysis, but 

functions of the living organism continue for a time anc 

gradually die out as a secondary consequence of the failure of the 
circulath 
1 al current of from SO to 120 volts applied by electrodes 
upon the shaven head and the shaven left thich for at least one 
id produce the same results as have just been deseribed for currents 
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to 40 volis. The resistance m the case of electrodes upon the 

}and thigh ts 400 ohms. 

The paralysis of the heart occurs at once in all these cases, but the 
blood-pressure shows an initial elevation, followed by a gracual decline. 
Prévost and Battelli attribute this to vasomotor stimulation in both 
arteries and Ves, slowing the DHSS aoe of blood through the arteries 
from the heart, and pressing it through the vems toward the heart. 

The thorax being opened, the ventricles are seen im some cases to 
be in a state of fibrillary tremor, while the auricles beat regularly for 
perhaps as long as fifteen minutes. 

Artificial respiration alone does not do any good, but cardiac massage 
and artificial respiration combined keep the animal alive as long as they 
are continued. During this period sensibility is normal. 

A current applied by electrodes placed upon the two sides of the 
thorax encountered a resistance of 280 to 320 ohms. Ten volts applied 
ior five Seconds kalled One dog, while two others survived. One of the 
latter was killed by & current of 15 volts applied for hive secomeds. 

Similar results attended the application of the electrodes to both 
forelegs. 

Summary of the Effects of Low-tension Alternating Currents 
up to 120 Volts.—There are slight nerrous disturbances in dogs, guinea- 
pigs, rabbits, rats, ete. Respiration is only temporarily arrested, and 
general sensibility is but little affected. Twenty volis will produce 
general tetanus with opisthotonos if one of the electrodes is applied to 
the animal’s head, but at least 60 volts are required when both elec- 
trodes are applied to the forelimbs. The effect upon the Aeart is to 
produce fibrillary tremor, which as previously explained, is fatal in 
some animals and may be recovered from in others. Respration is not 
primarily affected. It is not paralyzed in dogs or guinea-pigs, anc in 
them artificial respiration does no good. | 

A current of 20 or even of 10 volts applied for one second will produce 
hbrillary tremor of the heart if this organ lies in the direct path between 
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heart of death by primary cardiac paralysis. 
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t it does mot return of itself, may be readily brought 
about by artificial respiration. ; 

Shocks from currents of this voltage are not ordinarily fatal if the 

oper treatment, artificial respiration, is applied. 

The Effect of Very High-tension Currents.—(Currents of from 
1000 to 10,000 volts, as employed mn the long-distance transmission of 
power, produce mechanic lesions of the tissues traversed, just as light- 
ning docs. Fatal hemorrhages m the substance of the central nervous 
evstem may cause irreparable paralysis of respiration and other functions 
(Jellmek). These very high-tension currents are often instantly fatal, 
but the effect varies greatly with the path traversed by the current in 
passing through the body. If the heart and the central nervous system 
are not in the direct path of the current, they may recetve only a fraction 
of the original current, and the effect may correspond to that of a medium 
or low voltage. The reverse is true as to low-tension currents applied 
directly to vital organs. 

From 90 to 115 volts have killed men by cardiac paralysis under 
exceptional conditions as to electric conduction. On the other hand, 
in a case which came to my own knowledge, a shock from a 2200-volt 
alternating current was survived, with no permanent damage except a 
deeply grooved sear of the hand and a fairly well-united fracture 01 
the femur. 

Legal electrocution by means of an alternating current of from 
1300 to 1700 volts is not always immediately fatal, because 1 alms to 
produce respiratory paralysis, and it sometimes requires three or [our 
applications to make this paralysis permanent. 

Prévost’s animal experiments show that a heart in which fibrillary 
tremor has been induced by a current of 50 volts may sometimes be 
reanimated by a current of 4800 volts applied ten aeconds later. This 
is not to be recommended in the treatment of human beings shocked by 
electricity. : 

_ The Relation of Amperage and Voltage to the Physiologic 
Effect.—Industrial currents for light and power, if alternating, usually 
have about 50 periods a second, and this rate is very active physiolog- 
ically. These currents have such tremendous volume that contact 
with a conductor carrying a current of 10,000 volts must be absolutely 
Fuarded against. No person must be allowed to approach within 
sparking distance of such a conductor, and no other conductor must be 
allowed to touch it or come near it. The crossing of a high-tension 
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tor by a wire which is supposed to carry a perfectly harmless 


mit i 1 frequent CAs of intal mi endents. These industrial Currents 
m~nable of sending a fatal number of amperes or cod IATEC & Cuan tily 
electricity through the resistance offered by the animal body. 
Harmlessness of High-tension Therapeutic Applications.— 
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membrane of the electrically conducting human body cannot keep up 
such rapid rhythm, and so only a part of the potential varnations affects 


the body (Boruttau). 


THE EFFECT OF ELECTRICITY UPON ANIMAL TISSUES 

The effects vary with the voltage and amperage of the current 
applied, and also with its density and direction. They are very largely 
due to electrolysis, and, as mm the case of an ordimarv electrolytic cell. 
are chiefly evident at the pomts of contact with the electrodes. This 
is all the more certain to be the case because of the wide diffusion of 
the current in the tissues between the two electrodes. Sometimes the 
mechanically rending effect of an clectric discharge ts produced in the 
tissues, but this must be quite except Lona. Lightning splits a great 
tree irom top to bottom by an explosive effect due to the heatmg of ar 
and watery vapor and the gaseous products of electrolysis in the cellular 
structure of the wood. Such an effect i not produced upon men or 
animals even by a lightning stroke. The human body ts quite a good 
conductor ot electricity a5 compared With the msulat ing pro pert ies of 
dry wood. And the current can pass through any part of the body or 
along its surface with about equal readiness, whereas in a tree there mav 
be one or more long tracts filled with reachily conducting moture 
surrounded by quite drv and consequently non-conducting fibers. In 
the latter case we have the familiar ceneration of intense heat produced 
by a current forced by its high voltage through a conductor too small 
to carry it. This is not the case with the human body, since it has a 
sufficient carrving capacity for the heaviest artificial or natural currents. 

_ The minute hemorrhages found in the nervous centers in some cases 
of death by high-tension currenta can hardly be considered in the same 
category with the effect which the same lichtning bolt may produce 
In splitting a Fiant oak which twenty men could not have torn 
asunder, ; 

The heating effect upon the tissues due to ohmic or frictional resist- 
ance must be very slight indeed in all cases where a surface electrode 
is usec, and also in cases of lightning stroke and injury from accidental 
contact with conductors of high-tension electricity. The burns which 
do occur in these eases and in electrocution are doubtless due chiefly 
oO electrolytic Processes, but it is different when there is only a very 
small point of contact, like the platinum needle used in electrolysis. 
There, if the current is of considerable st rength, we should have a direct 
heating effect Upon the tissies st the point of contact, added to the 
electrolytic effect. The heating of the dilute acid around the platinum 
point in the Wehnelt interrupter is produced in a similar way. | 

Electrolysis of Animal Tissues.—In its relation to eleetricity the 
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the electrodes. If the latter are of metal and are directly in contact 
with the skin, metallic tons usually diffuse imto the tissues from the 
anode. Anodal diffusion 1s tl 
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€ most accurate name for this process, 
which has been used therapet 
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tically for the efiet of the metallic Ons 


upon diseased tissues; but the process has also been called cataphoresis. 
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because the movement of the metallic ions 1s away from the anode. 


through the tissues, toward the cathode. Copper or brass electrodes 
applied immediately to the surface of the skin will produce a burn at 
the cathode from the action of the metallye ODS if . CUTTER of Cfon= 
siderable strength is applied. 

Metallic ionization may be desired for therapeutic purposes, as in 
copper cataphoresis for hemorrhoids or fissure. More often, however, 
It 1s undestrable, and the usual method of avoiding it is by covering the 
metal with chamois, wadding, sponge, Kaolin, or clay moistened with 
a solution of common salt or of salmim bicarbonate. 

Some metals, like platinum, yield very few tons, and, used as surface 
electrodes or even introduced as needle clectrodes, yield results which 
are due simply to the electrolytic dissociation of the tissues themselves. 
Passing a platinum needle electrode into a hair-follicle or preremg the 
skin itself with such a needle and connecting it with the negative pole 
fa galvanic battery while the positive pole is connected with a sponge- 
covered electrode held m the paticnt’s hand, a current of one to two 
milliamperes will produce visible electrolysis. The tissue becomes 
white and swollen, and bubbles of gas are formed. The chemuc effect 
at the negative electrode is of the liberation of H and of QO, or o! tree 
alkali, and this has a dissolving action upon albuminoid substances. _ li 
the action is long enough and strong enough, there is colliquative 
necrosis of the tissue surrounding the needle, and the latter becomes 
loosened, and when removed is found bright and free from oxid. 
A needle electrode connected with the posit ive electrode produces i 
somewhat similar effect upon the tissues—swelling and pallor and 
bubbles of gas, but oxygen and free acid are the products of electrol- 
ysis there. The result is a coagulation necrosis (from the formation 
of acid albumm), and the needle sticks fast in the tissues. A steel needle 
should never be used as an anode; the iron ion would stain the skin 
indelibly. Such a needle would come out badly rusted from oxidation, 
With surface electrodes there is a swelling and edematous condition af 
the skin under the cathode, due to elect rolysis, and this may be mone 
correctly called cataphorescence. At the anode, on the contrary, the 
skin has a tendency to contraction. 

The tissues of the body form a continuous though not altogether 
uniform electrolyte when sponge-covered electrodes wet with saline 
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the epidermis ts thin ma’ 
of electrolysis. This is one reason for the employment of very large 
electrodes when strong currents are to be applied. A given st rength of 
current expressed in milliamperes will produce the same amount of 
chemie change whether it passes through a large or a small conducting 
path. When the surface of contact with the skin i 4 larre onc. the 
cross-section of the conducting path is correspondingly large, and the 
products of the chemic changes are so diluted that they may be carried 
away by the circulation of the blood and lymph without producing an 
ITitat Ine local efiect. 

The matter is one of current density, and is similar to the difference 
between the slow combustion which takes place in the whole human 
body, and produces a certain amount of carbonic acid (CO,) each 
minute without raising the temperature above 98.5° F. The same 
amount of combustion producing the same amount of CO, per minute in 
4 single finger-tip would be accompanied by a painful and destructive 
burn, with a local temperature far above the normal. 

An example of secondary actions is found when an electric current 
is passed through a solution of sulphate of copper. The salt is separated 
into copper, which is deposited as copper platmg upon the surface of 
the negative electrode, and an acid radicle which goes to the positive 
electrode. The acid radicle combines with the hydrogen of the water 
In which the sulphate of copper is dissolved, and forms sulphuric acid, 
while the oxygen of the water is liberated as bubbles of ras, Electrol- 
ysis of a solution of sulphate of sodium furnishes the same secondary 
reaction at the anode, with the formation of sulphuric acid and the 
liberation of oxygen gas, but the secondary action takes place at the 
cathode alao. Sodium has such powerful affinities that metallic sodium 
is mot deposited upon the eathode, but it at once combines with the 
Oxy Ren of the Water, mel this liberates bubhles af hyd rogen fas. 

secondary products appear when the primary products are capable 
of reacting upon water or upon the substance of the electrodes. 

, the products of electrolysis appear only at the electrodes and 
without in¥ Apparent chanpe in the liqu wl when the latter is homo- 
geneous, but this is not the case when the current has to traverse 
series of different solutions. 

A current may be passed through a jar containing plain water 
at the top ane solution of COM MoOnn salt at the hottom. the whale 
being colored by htmus. When the current passes from above down- 
ward, i. red color is developed at, the junction of the two liquids, indi- 
cating the hberation of an acid. Reversing the current will result in 


In tmay be irritated or even “burnt” by the products 
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by the Electric Current — 4 eolution of 
‘Tin a glass vessel and an inner porous jar will tenc to 


ol Elspngert level in both of the jars, but wf copper electrodes are 

1 if the CWO jars and a current of electricity sent through them 

the liquid will be carried toward the positive pole, and will assume 
hizhe! level m that jar than in the other. The stronger the current. 


¢ greater the difference in level will be maintained. 

_ Another striking demonstration is made by passing a current of elec- 
EFIcily through two Jars contaming an anil dve, and between which is 
an inverted U-shaped tube filled with gelatin which dips into both jars. 
Even a weak current will cause a rapid ascent of particles of the coloring- 
matter into one or the other arm of the U-shaped tube. | 

Salts which sre Dresent If very small amount or which are sub- 
jected. bo a Very weak current are not always dissociated. but are 
sometimes merely transported by the current in the ways illustrated 
above. 

In the living tissues, as in experiments upon electrolytic solutions} 
in glass jars, the products of chemic dissociation appear only at the} 
electrodes. In the animal body the current does not pass through a] 
single homogeneous electrolyte between the two electrodes, but encoun- 
ters membranous septa, either large or minute, which convert the path] 
of the current mto the equivalent of a series of electrolytic cells. | 

An experiment has been tried by Leduc, placmg a rabbit in con-] 
nection with an anode moistened with strychnm sulphate, and another} 
rabbit with a cathode also wet with a solution of strychnin sulphate, 
the two rabbits being joined by strands of wet gauze. When the] 
current is turned on chlorions (chlorin anions) pass from the tissues) 
into the solution forming the anode, and strychnin cations pass from] 
the solution at the anode into that rabbit, which accordingly develops | 
strychnin-poisoning. The other rabbit connected with the cathode) 
experiences only the effect of sulphions (SO, anions) from the cathode 
solution of strvchnin sulphate. and of sodions (sodium cations) liberated 
in the tissues and traveling toward the cathode. Using potassium 
evanid solution for the two electrodes, a similar effect is noted, but upon 
just the opposite rabbits. -Here the toxic ions are cyanogen anions, and 
penetrate the tissues from the cathode solution. | . 

A similar condition is found in the animal body, and the free products 
Of electrolysis appear only at the electrodes, but there are complex | 
chemic processes which result in the neutralization of the metallic ons 
by combination with tissue elements near the anode, and it Is the same- 
way with acid ions near the eathode if that electrode is moistened with 
an acid or a salt solution. ‘The ions derived from either electrode do 
not pass through the body to the other electrode, but enter Into com-— 
bination with certain tissue ions, and other tissue ions liberated from 
these pass through the body toward the other electrode. The body, 
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when ampeded bw friction or OLWeGrwise, In Our electrolytic inter. 


upters, liquid rheostats, and volt controllers 4 great part of the lost 
tric power appears as heat, and the remaimder CLS To produce 
emic combination or decomposition. A current passed through an 
notic cell or A jar im which two liquids Poa ie separated by i permeable 
semipermeable membrane expends a part of its energy in adding 
to or retarding the motion of particles through the membrane. A, 
current of-electricity vields all these different forms of energy im passing 
throuch the human box ly. It mereases or reduces all the phenomena 
of living tissues according to the direction of the current and 1t5 mode 
of appl ication. A prolong a] application probably proxluces chemic 
changes at various places in the path between the electrodes. as well as 
in close contact with them. 

Among the direct uses of electrolysis are the destruction of the 
hair-follicles in hypertrichosis and of unnatural growths of various 
Kinds, and the introduction of various materials, anesthetic and thera- 
peutic, into the tissues. 

Coagulation Caused by Electricity —Proteid matter is c arulated 
by eleetric currents. Experiments by W. B. Hardy' were made with 
a filtered and boiled solution of egg-albumen and a current of from 10 
to 105 volts, but of only tesa Milliampere. When the solution was 
alkaline the molecules of albumin were carried toward the anode, with 
the development of opalescence and a coagulum there. The same 
phenomena took place at the cathode when the solution was acid. 

Effect Upon the Blood.—The experiments of C. N. Stewart? have 
thrown light upon the effect of electricity upon the blood. The con- 
ductivit y of the serum which has dissol ved out the hemoglobin of the 
red cells is sometimes increased to a greater extent than at other times. 
(he apparent explanation is that the red cell contains hemoglobin and 
electrolytes (salts whose solution is a good conductor of electricity) 
and that under some conditions the hemoglobin alone is dissolved out, 
and under other conditions both the hemoglobin and the electr lvtes. 
The red cells normally contain more hemoglobin than can be dissolved 
In the amount of water which they contain. and it seems probable 
that all the hemoglobin and a part of the electrolytes are united with 
the stroma of the cel]. It is usually easier for the hemoglobin to escape 
through the eell-membrane than for the elect rolytes. The effect of the 
electric current is to alter the relations of the hemoglobin with the rest 
of the cell-body. | 

Stewart's observations go to show that the electric resistance of 
the blood-cells is very great as compared with that of the blood-serum, 
and that the relation between the electric resistance of the serum and 
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The Effect of Electrolysis Upon the Resistance of the Body.— 
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; : ecullar property of the eoherer in the 
viess telegraph apparatus, and it is quite within the range of possi- 
bility LhAt | Le CURT lan MAY May bel TTA daw be ised] ds Pare crf Lhe receiving 
instrument In wireless telerraphy as a laboratory curiosity. ‘To accom- 
plish this, the body would be connected with the two poles of a battery 
with an apparatus for registering the slight changes in the electric 
resistance of the body which would occur under the influence of the 
Hertzian waves received from the sending station. 

The Polarizing Effect of Electrolysis Upon the Tissues.— After 
the current has been turned off, a considerable counterelectromotive 
force may be demonstrated by passing the wires irom the two electrodes 
to a galvanometer instead of to the battery. The effect ts of the same 
nature as Mm a storage-batterv. 

Rapidly alternating currents of small volume, like those from the 
ordinary faradic coil, do not produce marked electrolytic effects, and 
hence do not quickly change the elect ric resistance of the part to which 
the electrodes are applied. Such currents are to be used when aceurate 
measurements of the electric resistance of the body are undert aken, 
but while alternating currents of the character produced by the faradic 
coil do not produce polarization im the sense of a difference mn chemie 
composition and in electric potential at the two points of the body to 
which the electrodes are applied, they do produce € ectrolysis and 
eventually a change in electric conductivity at these points. Pre- 
liminary faradization has long been considered to lower the resistance 
to the passage of a galvanic current subsequently apphed. Byoene 
de Watteville or combined galvanic and faracdie current we produce an 
effect upon the tissues which permuts the passage Ol a St ronger gals ent 
current than would be eomfortable or sale i the latter were appiiec 
alone. This may be due to the effect of the faradic current m pre- 
venting polarization of the tissues- : lating dis 

The taser changes produced by the very | rapidly eae mee 
charges known as high-frequency currents, anc those produces | obs a 
z-ray and by different luminous rays, are described in the special cap 
ters upon those subjects. ‘ ee es Te 

It probable that in the last analysis almost all the ae Ses 
effects of electricity upon the animal tissues should be Saar = aT 
due to electrolysis and to electric osmosis, the last re sobfind aie 
Passage of measurable quantities of a liquid through peeera ne 
brane. Some of these different effects are now to he dest rl _ : unliod 

Effects Upon Nerve-fibers and Muscles.—A strong cusr’ 0" SPD 
to the body causes, according to Herman, a movement 0 sein STL 2 
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Different voluntary muscles may be made to contract by the appli- 


eation of electric currents cin thy to the muscle or direct], to its motor 


nerve. or to the skin over the nerve or over the muscle. A knowledge 
of the p ition at which the motor nerves are nearest the surface and 
of the motor pomts of the muscles (at which the nerve enters the muscle) 
6 Important in clectrodiagnosis or therapy. The involuntary muscles 
of the intestine and other parts may be caused to contract or relax bv 
eleetric CUITENICS. ‘Tissue cells mm different Darts of the body ah be 
stimulated to activity ani Srow hh DY means of appropriate elect rization 
the growth of-the hair may be increased. It acts. therefore. upon the 
(rophic fibers of the nerves as well as upon the sensory and motor fibers. 

Effects Upon Glands.—Currents of moderate strength increase or 
dimmish the secretion of different glands through an effect upon the 
nerves regulating their blood supply and those regulating the functional 
activity of their parenchymatous cells. The circulation in different 
parts of the body is mereased or diminished by clectrization affect ing 
the vasomotor nerves and the heart. 

Effect Upon Special Senses.—All the different special senses may 
be excited by electricity. The patient may see flashes of hight produced 
by the application of a current to the temples, and the sense of smell, 
taste and hearing, and of tactile and thermal perception may be excited. 
This may oceur independently of actual noise or lirht or substance with 
a recognizable taste that may be produced by the current. For instance, 
the sense of taste may be excited by electrization of the outside of 
the neck or the forehead. 

Influence of Current Density.—The current density has very much 
to do with the effect of electrization, and this becomes reduced as the 
distance from the electrodes increases. Internal organs, like the brain, 
receive from an external application only a very widely diffused cur- 
rent, and hence are only slightly affected by currents of considerable 
strength. Electrodes applied directly to the substance of the brain 
produce a very decided effect with very much weaker currents. It is 
the same in regard to the heart. Fibrillary tremor is excited by a 
current of one or two milliamperes from electrodes applied directly 
to the cardiac substance: while a current of twenty milliamperes will 
not produce dangerous effects if applied through electrodes placed on 
the surface of the chest. , 

Effect of Electrization of the Eye-—One electrode from a galvanic 
battery being applied to the nape of the neck and the other over the 
eye, visual sensations, like flashes of light, are produced when the 
current is turned on and off. The effect of the closure of the current is 
most pronounced when the current flows from the brain toward the 
eye. The effect of breaking the current is most pronounced when the 
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» being applied to each side of the eyeball and a eor- 
Ie inbetarepeestilenia etic nsation of hight and color will bi produces. 
the held of vision controlled by the part of the reting nearest 
if appears greenish, while that perceived by the Lert aye tha 


ihear the cathode appears brighter and bluish. Differe 
YHrMOUS LOTTE ancl colors uncer ti 


' : LE x rSson Ss 
ria influence | Cloctrie 


s CUTTERLS 
ln bese OF SIMS WAYS. 


Wied to the eve 

Flashes of light are seen when an electrode is applied to the fore. 
d and another to the epirastrium. 
Audilory Effects of Pleetricitiy. 
the ear and the other to some indifi 
orxiuced by the galvanic current. 
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(ne elect rele bemg applied neyp 
‘Tent BOM, SSNSatlons ol sound are 
‘Lhe effect of the cathodal closure 
is the strongest, but a sound 1s also noted at the opening of a stronger 
eurrent when the anode ts applied to the ear. = 

Influence of the Position of the Electrodes.—The position of the 
electrodes has a great deal to do with determinmg the density of the 
current passing through different organs, and hence regulates the 
physiologic effect of the current. Electrodes held in both hands send 
a much smaller pr portion of the current through the bram than 1s the 
case when one electrode is at the top of the head and the other at the 
feet. Electrodes placed at both sides of the head are thought by some 
observers to send a sufficient current through the bram to produce a 
therapeutic effect, while others believe that the current 1s too widely 
diffused and that much of it follows the homogeneous conducting layer 
afforded by the scalp, and passes around the skull and not through it. 
Without trying to decide this question it may be stated that cerebral 
conditions are apt to be much more influenced through the vasomotor 
and other effects of electric currents upon the cranial, spinal ACCESSOTY, 
and sympathetic nerves than by the direct effect of the portion of the 
current which can be sent through the brain itself. When the electrodes 
are placed very near each other upon the surface of the body, the resist- 
ance at the points of entry and exit of the current greatly exceeds 
that of the portion of the body between these points, and the current 
almost all follows a short straight line with scarcely any diffusion. 
Placed close together, even over the motor point of a muscle, a fairly 
strong current may not excite a contraction. 

A daily example of this strictly local action of the current when 
the electrodes are applied close together is afforded by the elec- 
trician when testing a 110-volt electric-light socket. To see ee 
there is current present, he moistens his finger and puts It side 5 
socket. thus making contact with the positive and negative teTrmin As. 
li the eurrent is there. he gets a pretty sharp sensation i the hnger, 
but thjs is not very disagreeable and not dangerous. It 1s See c 
different matter from the experiment tried by the author, of ho pean 
a metal object in each hand and then placing these objects im ae mi 
with the terminals of the 110-volt direct circuit. As the Sale | Lies 
made, a sense of severe shock was experienced, accompam down- * 
violent involuntary muscular contraction which jerked the arms “ea k 
ward and backward, and caused the metal-objects to be carb’ nti 
across the room and to make a dent in the woodwork there. hi Ws ae 
experiment which he would not advise any one to repeat, but It & 
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hing one bare 110-volt direct current conductor with the dry 
in eer fives ni appreciable sensation under ordinary cITCUMStaAnces. 
however. the pers in is standing on Lit or which is a goml conductor. 

n, for example, a shock may be received of the same nature as that 

the author's experiment, but of much leas severity. This is due 
to the fact that it is practically impossible to insulate a dynamo from 
the earth, and consequently a circuit is formed when a complete con- 
ducting path is provided from either termmal to the carth. A person 
standing on a wooden floor with perhaps a woolen carpet is pretty 
completely insulated from the earth for currents of this tension. 

A more powerful current may be applied by means of needle elec- 
trodes close together for the destruction of tumors of the breast than 
could be safely applied uf the electrodes were placed at a distance and 
In such positions that the current would traverse vital organs. Still, 
very strong currents are employed by some operators in cataphoresis. 
Massey has the patient lie upon a large kaolin or clay cathode placed 
under the sacral and gluteal region, while the positive wire terminates 
In a number of sharp points of zine amalgamated by mercury. The 
current is gradually tured on, and a maximum of 200 or 300 or more 
Milhamperes of the direct current 15 allowed to flow even if the anode 
pomts are thrust mto a growth on the face. The heart’s action is 
watched, but, as a rule, is not materially affected. An alternatme cur- 
rent or a direct current with sudden variations in strength would 
produce disastrous results if applied in this way. 

_Aceidental contact with both terminals of a high-tension circuit at 
Points close together on the surface of the body may be followed by 
only local Injury, whereas contact with one terminal alone, with con- 
duction through the body to the ground, or with both terminals at dis- 
tant parts of the body, might be fatal. 

It is, however, not a universal rule that a high-tenston current is 
harmless if applied by electrodes close together, as described above. 

Influence of Voltage and Amperage.—The voltage or tension of 
the current often has a contr ime influence over the strength OF 2M Peres 
of the current which passes through the body from one electrode to the 
other, and has, for this reason, a great effect in determining the effect 
upon the tissues. This is true of currents derived from a source of 
sufficient quantity to furnish a current strength in amperes equal to the 
voltage divided by the resistance (Ohm’s law). Sources of very high 
potential and very small quantity, such as the static machine, do not 
send a current through the body equal to anything like the voltage 
divided by the resistance. A hand may throw a solid metal ball at a 
certam velocity, and the momentum of the ball may be such as to con- 
siderably damage anything it strikes against. The same hand moving 
at the same rate of speed will impart the same velocity to a cork, but 
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Effect of static Electricity.—The static spark produces a different 
efiect acconiing to whether it 1s applied singly or as : ag 
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sparks upon the 


tension and 


CONCINUOMS Stream 


- : ! Same spot. In the 
efiect which 18 due to molecular vil LO Immediate 
visible changes In the tissues. The effect 1s one of stimulation of the 
activity of the cells of the part to which it is applied, and of the central 
nervous system and of the vasomotor nerves. Therapeutically, isolated 
static sparks are beneficial where there are lowered arterial tension and 
nervous debility, amd im painful conditions dependent upon them. It 
is not generally beneficial m conditions of irritation and painful affections 
dependent upon them. 


{ 
frst manner it produces an 
Tations and not due to i 


High-tension electricity appears to be prefer- 
able for debility and depression, while low-tension electricity i¢ prefer- 
able for irritative conditions. 


A stream of static sparks applied to one spot will prove very pamful 
at first, but later produce a benumbing effect. There is redness, 
followed by blanching and swelling of the skm. If the application i 
very prolonged and severe, it produces superficial destruction of the 
skin. : 

Static sparks cause a muscular contraction which 1s quite valuable 
diagnostically, especially when they are applied singly and their tension 
and quantity are accurately gauged, as is the case with condenser 
discharges. The latter, however, are more often employed for diagnosis 
or treatment with a much smaller voltage than characterizes the output 
of the static electric machmes- | i 

Statice meilation produces ahout the Same effects Ht Bn the alecto 
spark, without any of the disagreeable effects o! the latter. It 1s not 
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Fig. 207.—Static insulation. 
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induced currents produce similar effects, but with more sense 


and muscular contraction. All very high-tension discharges with very 





points of contact. 
Effect of High-frequency Cur- 
rents.—The different applications 
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| body cannot keep such rapid rhythm 
as these currents. The conducting wires transmit the to-and-fro currents 
by metallic conduction, simple transmission of clectrons without the 
transportation ot 10ns Lr 1 Less cha reed negatively bv an extra number 
of electrons, or positively by deprivation of electrons), and subject only 
to the ordina ry ohmic resistance and to Impedance due to mduection. The 
human body in its relation to these excessively rapid oscillations may be 
considered as a capacity which is alternately charged and discharged 
without much current passing through it. It may be compared to a bal- 
loon with a large opening, through which air is blown im and the balloon 
inflated and then allowed to collapse, an openmg at some other point 
being so small that it does not prevent the balloon from being blown up, 
and even during its collapse allows very little of the air to escape in that 
direction. To make the analogy complete, we should have two large 
openings at opposite sides of the balloon, alternately one and then the 
other being closed during the rush of air into and out of the balloon 
through the other large opening. The fact that the high-frequency 
current does not in great part pass through the body has lead to the 
supposition that it is found, like static electricity, chiefly on the surface 
of the body. This does not appear to be the case, and there is not the 
same reason for it as with static electricity, where the voltage is much 
higher and the repulsion of the charge is much greater. It has been 
demonstrated that high-frequency currents have an effect upon deep 
LISSILES. 

Pathologic Effects Upon Workers in Electric Power-houses.— 
The enormous power-houses in which the natural power from water 
pressure, as at Niagara Falls, is converted into electricity, and other 
power-houses where the electric current is transformed from the verv 
high transmission tension of 20,000 volts or more to the utilization 
tension of 550 or 110 volts, present abnormal conditions for their work- 
men. Lanes of foree which will produce a perceptible effect upon any 
suitable recording instrument surround these great dynamos and 
transformers and must have their effect upon the organism. We are 
all familiar with the magnetizing effect of such environments upon a 
watch. Then there is the ozone generated by the visible and invisible 
electric discharges. These electric discharges produce the ultraviolet 
and possibly other radiations. All these various factors are operative, 
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are periectly ventilated and dramed and warm 


and there is sufficient exercise to keep the men in gous 
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, 80 that the conclusion is that the svmptoms re 


e to electricity. Alternating currents passing through the coils of 


wire in the fields and armatures of these enormous machines produec 
expandmg and contracting lines of force which we should expect to be 
more effective in influencmg the human organism than a continuous 
current. There are no recorded observations to deewe this point, 
but Millener adduces the fact that milk rapidly sours in a power-house 
where high-voltage alternatmg currents are present. He also states 
that m butter factories machmes run by an alternating current motor 
eannot be used because the cream sours, while no such objection ig 
found to the use of a direct. current motor. The sourmg of milk by 
lighting is another example of the effect of electricity upon organic 
substances. 

The only protection against these deleterious effects at present 
lnown is to take frequent vacations from the work. 

The Effect of Working in the Room with x-Ray Coils and 
High-frequency Current Apparatus.—The most powerful apparatus 
of this kind takes only a very small fraction of the output of a dynamo, 
and the influence pervading the room is correspondingly weaker. Of 
the many patients and physicians who have visited the author's office, 
not one has ever c mplamed that his watch had been magnetized, and 
the author’s own watch keeps perfectly correct time. Then, ASI, 
the author's experience of bemg constantly m the treatment room, wit h 
no vacation of more than five days at a time in seven years, and never 
missing a day's work on account of personal illness, indicates an absence 
of deleterious effect from long exposure to the influence of apparatus 
of this capacity. This, however, does not mean that one can remain 
exposed to the z-ray day after day with impunity. One must cer 
tainly be shielded from the rays from an z-ray tube, either by some 
shield of lead or other opaque material, or by always remamnmg M an 
adjoining room. Practically, nothing is impervious to electromagnetic 
induction or to the so-called lines of force generated by mduction coils, 
etc.. and it is fortunate that the influence from those oF A suitable 
capacity for z-ray and electrotherapy seems to be beneficial rather 
than harmful. However, long exposure to the t-ray itself is Ver} 
harmful, as is stated more fully elsewhere in this book. | ih eee 

The effect of high-frequency currents upon the tissucs Is Ver} 
important, and is found in a separate chapter upon that subject. sits 

Effects of Condenser Discharges.—The most valuable observ ~ 
tions are those which determine the single discharge necessary tO produce 
4 muscular contraction, and then the frequency with which that discharge 

| American Medicine, August, 1906, p. 255. 
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Lae Le recy ured potential, and the QUANTI of chi ctricity may he caleu- 
lated from the voltage and the fixed capacity of the condenser. The 


capacity of the animal is fixed also, and is only a small fraction of the 


cA pacity of the condenser. It does not affect the calculation. When 
the spring breaks the contact at N and 


the electromagnet ceases to act. 


] 


Fiz. 209-.- Arrangement for rhyvthoue condenser discharges. 


makes a contact with another mercury cup at L, and thence to the 
earth. The condenser is then discharged through the animal between 
the electrodes EF} and) E. 


The source of variable potential consists of a battery P’, the two 
poles of which are connected with the extremities of a resistance wire, 
AL, one end, A, of which is grounded. There ts a sliding contact, C, 
and by moving this the potential communicated to the animal and the 
condenser is varied from zero when the contact is at A, to the full 
potential of the battery when the contact is at B. 

The electromagnet above alluded to has a separate battery P, the 
current of which is made and broken at D, which dips into a mercury 
cup. This point just touches the surface of the mercury when at rest, 
and as it moves an equal distance up and down, the duration of each 
contact is the same as that of the interval when no current fs flowing. 

The pane D is at the end of a vibrator of adjustable length, and 


henee o adjustable rate of vibration under the influence of its own 


'Carvallo and Weiss, Journal de Physiologie ct de Pathologic, 1.899. 





PH VS TiiLiwalt E F I 


Of irom fH 
sional acts synchron- 
1 the motions of the v1 
term pter and enables 
+ latter. 
A simpler arrangement is used 
wher sin ele or nee cd Orcs nse? ge OES 
eS ae |; SE oe ae — 
discharges are applied in electro- —” 


Bima 
| 
7 f t B : 
CLIgnosis Or crectrotnerapy. Line Pig. 210.—Connection for eondens F chi 
: ’ | Te uepe j 1eeel : js eo F _ 
I Censaer i j Fig. = ire oh pe m Tere EB. battery Cc con- 
4 enser; y, Leber rit Erournd Connoe SS a : 
peat COM Oe Clio 
r other afiti-= nerve lied r NN 


with the 


ATTNATUTE OF Loe Con 
i 


710) tc Frouncderdt : LE 
; ti 


a] a 1 ih & 
a | Ps COURELE RA 1 


Morse telegraphic key. In the normal position a 
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pit otal pout of “I 
spring causes the Morse key to make contact with a wire leading to 
one pole of a battery, the other pole of which is grounded, and in this 
position the condenser quickly becomes charged to its full capacity at 
the potential of the battery. Depressing the Morse key breake the 
connection with the battery and makes a connection with a wire lead- 
In Ci the nerve or muscle. from which another WIFt leads * the 
ground. The condenser discharges through the animal and the ground 
as they form a complete circuit between Its two armatures. ? 

Condensers for diagnosis or treatment have a capacity waryiis trea 
réy to 2 microfarads. . ying Irom 

‘The condensers used In the arrangement described above are of 
large capacity, having 1000 or several thousand square inches of con- 
densing surface, and are charged to a potential of 30 to 100 or 200 volts. 

Effects of Leyden-jar Discharges.—Condenser Discharges at 
High Potential from the Static Machine.—These are the Girsnte aah 


Pig. 211.— Arrangement for Levien-jar discharge from static machine. 


eet by. pretcign tiene in the usual method of application the inner 
machine (F; the jars are connected with the two poles of the static 
that of t] 1 ol 1). The outer armature of One jar 15 grounded, while 
the nadia t other jar is connected with a metallic electrode applied to 
etatts apse [ he patient 1S not instila ted. The discharging rods of the 
anc the ine 7a close together. Che two LLneGr armatures discharge 
distaste pier asd “Bap at regular intervals, and simultaneously a con- 

Sei psiirer rea between the outer armatures through the 
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The effects of condenser discharges of different quantity, potential, 


E 


nev are naturally vaniable. The factor of quantity 16 found 


LLC (Penney fh Eckl | 
by simply multiplying the capacity of the condense by the voltage to 
which it is charged, Q=CV. The energy required to charge the eon- 
denser is a different matter, however. [t is equal tio ee ee ancl this is 
also the effective energy that is liberated when the condenser is dis. 


EP x ee eC ae 
charged. 

The Stimulation of Muscular Contraction by a Single Con- 
denser Discharge.—The object of numerous experiments has been 
to determine the relation between the voltage and the capacity required 
to produce contraction. A condenser of a fixed capacity is used. and 
electrodes applied to the exposed nerve are connected. as shown In 


Fig. 210. The e mdenser 1s at first charged and discharged at & Very 


low potential, which is gradually increased until a minimal muscular 
contraction 1s produced. The capacity of the condenser and the 
voltage are recorded, and then the sam experiment ts tried with a 
condenser of a different known capacity, either greater or less than 
that of the first. It is found that the voltaze to which different 
condensers must be charged in order to Produce equal muscular con- 
tractions cli eS TOL Vary Inversely 45 their capacity, as would he the 
ease if the same quantity of electricity were (discharged in each case. 
The conditions required correspond more nearly to those im which the 


effective energy is the same, so that in each case 4CV? amounts to the 


FT 


same number of jou cs. The required voltage, therefore, vanes approxi- 


mately Inversely as the square root of the capacity. If a condenser 
of a certain capacity must be charged to a potential of 20 volts in order 
to produce a minimal contraction, the same effect would be produced 
by 4 condenser cf four times that es pacity, charged to n potential af 
about 10 volts, or by a condenser of one-fourth that capacity, charged 
to a potential of about 40 volts. These proportions hold good within 
quite wide limits, but not for extreme cases. Thus, a single discharge 
from the largest available condenser fails to give muscular contractions 
when charged to a potential of only one volt. Even im this case, 
however, a rapid Ssuceession of condenser discharges will produce 
muscular contraction. This does not appear to he due to a lessened 
resistance of the badly, for thts apparently does not result from successive 
condenser discharges. The latter produce hardly any electrolytic 
or polarizing effect, the increased stimulation being due to an overlap- 
ping of the successive waves of stimulation, with a consequent cumuls- 
tive effect. This is entirely analogous to the fact that the height of 
the contraction from a single stimulation by the galvanic current is con- 
siderably exceeded when a number of such stimuli are applied in rapid 
succession. The small resistance of the body may, however, be modihed 
by the previous Passage of a continuous current for some time, and then 
it will be found that a condenser discharge will produce a greater effect 
than it would have produced previously. 
The physiologic effect of a single condenser discharge is clearly 
modified by the useful duration of the discharge, but there is a question 
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eing called the law of stimulation hy concenser ciecharges, 
by (Cluzet.’ and the Lapeques have mace a series of 

its to determine this point and with negative results. 
juration of the discharge of a condenser is, however, considered 
by Lewis Jones’ as affording the best numerical expression for the con- 
tractility of a muscle to this form of stimulation. (See also page 382.) 
Cluzet, Dubois, Zanietowski, Hoorweg, Cvbulski, Weiss. and Priévost 


and Battelli have made accurate expenments with condenser discharges 
meee = 5 ft ee ee 


This must be regarded as a new and valuable addition to the means of 
ele tradiagnosis and electrotherapy. 

The effect of a condenser discharge may be modified by introdueing 
an additional resistance or inductance or capacity in the circuit. the 
effect. being to reduce not so much the intensity, as the duration of 
the discharge. The length of the wave of stimulation makes the same 
difference with condenser discharges as it does with the make and break 
of a continuous current. 

Muscular Contraction from Rapidly Repeated Condenser 
Discharges.—Applving two metallic electrodes to the sciatic nerve 
of a frog, tetanus is produced by discharges of the same condenser. 
cha riven] Lo different voltages and at a cifterent rate of speed. 


Frequency per second. Voltage required (Carvallo and Weiss). 
L+ 0.0600) 
15 SO) 
he 010M) 
ral 0.0050) 
pa 0.004 Ss 
ou) 1), 035 
44) 0.0025 


From this experiment it will be seen that the voltage required to produce 
tetanic contraction is very much less for rapidly than for slowly repeated 
discharges, 

Dizcharges at the rate of from 25 to 30 a second produce the most 
powerful contraction. Such condenser discharges produce effects which 
are very similar to those of the faradic current, but they can be much 
more accurately measured and applied. The same thing 1s true of 
single condenser discharges as compared with isolated induction shocks. 

Condenser discharges have been observed by Rollet to produce the 
same effect upon the blood as other forms of electricity. He has found 
that Leyden-jar discharges may clarify the blood. The blood would 
then consist of a transparent red liquid im which float colorless and 
transparent cells whose hemoglobin has been dissolved out by the blood 
plasma. This he found takes place even when the heating effect of the 
electric discharge is climinated. Under other circumstances, as where 
a thin layer of blood is subjected to a condenser discharge, the amount 
ot heat fenerated 1s amply sufficient to account for the claniving of 

the blood. Max Cremer' considers the thermal element as the chief one 
in all cases, 
This clarification, if it affected any considerable portion of the 


' Comptes rendus de Ia Société de Biologie, July 21, 1905, p. 161. 
* Ibid., July 1, 1905, p. 63. jigs 

* Archives of the Roentgen Ray, May, 1913, p. 4-4. 

* Zeitschrift fir Biologie, 1904, vol. xIvi, pp. 77 and 101. 
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lation, would be of vital importance. ‘The property 


in loose combination from the lungs to the tissues, 


and earbonic scid from the tissues to the lungs, is practically lest by 
the hemorlohin when it ~ deeolved out of the red bloml-cells. Et veal 
remembered that this ts the principal reason why salt 


Dio! in the circ 
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used for infusion Into the veins after hemorrhage mnstend of LAL 
ihe latter would | the hemoglobin and defeat the very object of 
the infusion by di 

In regard to electricity, however, it is not to be supposed that 
this clarifying effect is produced upon the blood in the living body to 
h Aan ePxXCPTEL AS perceptibly ti attect irk Vital function. ; , 
DuBois-Reymond’s Four Laws of Electric Stimulation.—1. The 
effect is proportional to the strength of the current or dinperage which 
actually reaches the musele, nerve, or other Oren. " 

Ihe strength of the current which reaches the organ to he stimt- 
lated depends partly upon the source of the current and partly upon the 
position of the electrodes, Diffusion in all directions greatly reduces 
the strengtl of the elective Current unless one of the electrodes is 
ADDL hc directly over the OFrfarn AG place where the latter 5 quite near 
the surface. The motor points for stimulation of the different museles 
are examples of the Freatest effect. | 

2. The effect is proportional to the apidity of the change in the 
strength of the current. " : 

a. The effect is a polar one. start Ing from the point or points to 
which one or both of the electrodes are applied. | 

The polar effect is evidenced by the swelling from muscular 
contraction which takes place in a striated muscle at the cathode when 
the current begins, and at the anode when the current is turned of. _ 

: The polar effect Upon unstriated musele is evidenced by a relaxation 
of their normal tonic contraction at the anode during the passage of 
the current, and at the cathode when the current is tumed of. SS 

__ the polar effect upon a nerve is a wave of stimulation starting from 
the cathode when the current is turned on or its strength is mereased 
and starting from the anode whenever the current is turned off or its 
strength is diminished. z ect tle Bat 

4. The cathodal closure effect is stronrer than the anod al closure 
effect. = 7 = oeaAae 

DuBois-Reymond’s Law of Electric stimulation by Variable 
Currents.— Expressed in differential calculus. e = const d 3 ae 
effect is equal to a certain constant multiplied by a differential of the 
aera divided by at differential of the time. : 
ee law must be modified for application to different forms of 
sclfinduerion Sauce’ current from a faradic coll 13 not opposed by 
True sinusoidal duced or : ee: than the closing Induced current. 
In both directions ain difficult Sate SEB which sre: symmetric 
have been used in testing the tae and 80 condenser discharges 

ck? £ ¢ m testing the validity of the law. Cybulski and Zanie- 

tow ski, Hoorweg, G. Weiss, and Lapicque have obtained widele diffe 
results, jue have obtained widely different 
CY i the saue a a a . - 
cctrtain capacity wate, of cleetricity contained In a condenser of a 
CE OESSESSE WS &, which is charged to a potential 


; . 
Pe i) aa 
be 


ninishing the oxygen-carrying power of the blood. 


Slit 





PHYSIOLOGIC EFFECTS OF ELECTRICITY 


or 


, and 90 V* ts the energy required to charge it anc] 
discharge 
Battell have found that the condenser discharge 


to produce a fatal effect is determmed by the energy of the 
Vs, ore 


ims found as the result of many experiments tl 


cee | : at the 
‘to which a condenser of a given capacity must be charged in 
ILS discharge may 


Mluce a minimal muscular contraction by 


be expressed by the formula— 


The quantities 6 and ¢ are constant, and a is found from the formula. 


L; it. . - Bt 
and in this equation ¢ 1s the base of the natural logarithm. The quantity 
a, is equal to Ek when t=o. This quantity a, 15 the voltage at which 
minimal contraction takes place with a constant current. 


MUSCULAR CONTRACTION RESULTING FROM ELECTRIC STIMULATION 


This may be produced by stimulation of the muscle itself, or of the 
termination of the nerve in the muscle, or of the motor nerve at any part 
of its length, or of the brain or spmal cord, or reflexly by the stimula- 
tion of some other nerve. 

An example of this effect of the electric current 1s seen whenever 
electrodes are held m the two hands. and the muscles of the hands and 
arms contract under the mfluence of a faracic current. 

Our knowledge of the nature of this effect is based very largely upon 
experiments on the nerves and muscles of recently killed animals, 

The very first discovery of the physiologic effect of electricity was 
made by Galvani, who found that when a pair of f rogs legs were 
hung up where the toes would touch a metallic surface, the muscles of 
the thishs immediately contracted and the toes were drawn away [rom 
the metal. The muscles relaxed again, allowmg the toes to 
reach the metal surface, and contraction again ensued. This went on 
for a considerable period of time, but the contractions gradually became 
weaker and finally ceased. | Late whic 

The froe’s lec. with its natural saline moisture, the object from dane 
it Was suspended, and the metallic map rt ee touched by the toes bce | 
a voltaic cell whose current passed through the limb and es 7 io 
muscles contract. The toes being drawn away from the metal, the 
circuit was broken and the muscles relaxed. : —_ ay consist 

A Complete Neuromuscular Preparation.—This sue Slate 
of a frog's body, prepared in such a way as to enable seat Me ache : ss at the 
observations with electric stimuh. The frog = bocky ls cut outer legs 

level of the middle of the abdomen; the skin & stripped shire ae 

and the lower part of the body. The lower part of the Ee ah sranr 

exposed by slight dissection, and so 1s the entire net Be sh aRiEe 

nerves. The upper part of the preparatn mis Loe Peckcbe SG 

part of the table, while the foot, or, in some cases, br - “s object like 

of the gastrocnemius muscle, is fastened to same movme’. 

i PflGger’s Archiv., vol. lu, p. 57, LS, 
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Increased suse peu ity to fatigue after electric stimuli and a] 
recovery (rom fatiue, 
The Use of Curare.—YV. luntary motion of a living mili sole 
ietopareccrcta observation m Lk be prevented by the use of Curare 
\ oat # ‘rmina plaques of the motor ni erve in the m isele Its 
1¥ Cestriction Of The spinal cord. The latter coin be done qu ‘es 
uy OY thrusting a necdle into the vertebral canal behind the head. 


THE MYOGRAPH 
The Myograph.—In s simple form (Fig. 212) the mvocravl 
| | ‘nee a | i it Pon tae | ; 4 a} a are 
Cc Mss int TAD | ver to which t Le free en of the muscle Is attached and a 
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Fig. 212.—Simple myograph in. operation. 


revolving cylinder upon wi he in aii 
mn whose “¢ the movable point of ¢} ln 
traces a line. : surface the movable point of the stylet 
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Isotonic Contraction.—Isotonic contraction is shortening of a mus- 
inst & uniform resistance The resistance tn Fig. 21S is the 


e fever, and i practically the same in all conditions of the 
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’ Isometric Contraction.—This has reference to the 
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traction force 
exeriad by a muscle both ends of which are fastened to stationary or 
any considerable extent. A myorraph in which the muscle is ec: nnected 
with # pear of the lever Very near the fulerum will reeister isometric 
contraction if the upward motion of the lever is Cp posed by ey spring 
whose pressure is properly graduated (Fig. 214). This method has 
not been practised to any extent. 

Vertical distances on an isotonic myographic tracing show that the 
muscle has shortened to certain extents, the shortening being opposed 
by a uniform wejght. On an twometric tracing vertical distances 


indicate certain strengths of traction (equal to sustaming certain 


Fig. 213.—Simple myograph registering Fig. 214.—Simple mrograph registering 


Botonic contract hom, iacmetric contract hen. 


weights) on the part of a muscle which is not permitted to shorten 
Insterially. 

A sheet of paper wrapped around the revolving cylinder receives the 
tracing made by the movable point. Or a long strip of paper is unrolled 
‘(rom one cylinder and rolled on another one while the registering point 
resis Upon the moving strip of paper (Fig. 215). The evlinders revolve 
by clock-work actuated by aspring or a weight, and the speed of their 
motion may be regulated according to the rapidity of the changes It 5 
desired to register. | : | 

_ Marey’s Drums.—A pair of these constitute a means of transmission 
of the motion of the lever to another one at a distance by Fie SLE of 
PRSUMAtC pressure. These are not required when it is convenient to 
have the neuromuscular preparation or living animal experimented 
Upon in close proximity to the registering cylinder. This is frequently 
not the ease. The part experimented on may be movable or the 
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Pexperiment may be complicated. Then, again, it 
eister several dif 
be impossible ta eri co iI Mite difierent al 
evlinder. The additional tracings most 
cistering the units of time and the application 
Other tracings sometimes mace ahow the elect 
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Fic. ed | AD yogra ph with long strip oe paper unrol ling from De evlinder on ta another, 


currents arising in the nerve and muscle in cx msequence of stimu- 
lation. | 
Marey ‘8S drum (Fics. 2] b—? 15) 15 a flat round box of sheet metal sealed 


air tight by a sheet of rubber over the top and with an opening at the 
bottom where a short tube forms a connection for a rubber tube leacling 
to a similar drum which may be several feet away. ne circular side, 


Fig. 216.—Marey's drums: <A, transmitter; B, receiver. 


or what would be called the head of the drum, is of soft rubber so thin 
4s to be perfectly elastic. It is upon this that the foree of the lever is 
brought to bear when the muscle contracts. This compresses the alr 
In the drum, and the compression is communicated to the air in the 
other drum. causing motion of its head and of the registering lever 
connected with it. The transmission is effected practically instan- 
tancously, being at an average rate of 250 meters a second. Several 
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Fig. 2le -Alarey Ss drums. Detail of transmitter of receiver. 


cutter-like strip of sheet metal whieh is bandaged over it. When the 
muscle contracts and swells, the latter motion 1s transmitted through 
the Marev drums to the registering apparatus. | 

Time Registration in Myographic Charts.—This may be done in 
the simplest cases by not Ing the time of starting and stopping the revolv- 
ing cylinder. Horizontal distances on the chart indicate periods of 
time which can be approximately calculated. 


: 
3 
i 
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Fig. 215.—Marey'’s drums. Operation of complete apparatus. 


Means of making a tracing of the time units upon the chart while 
the other tracings are being made are required for all exact observations. 
his is done by a movable point, which may be actuated through the 
medium of a pair of Marey’s drums, or which may be the end of a lever 
moved directly by the timmg apparatus. . “ 

_ The Timing Mechanism.— This consists of a Desprez clectric 
“inal in which an electromagnet acts upon one end of a lever, and of a 
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ig. £19.—4, Pendulum interrupter; 8, metronome interrupter 


or 3 larve fraction of a second. As the pendulum swings to and fro 
under the influence of clock-work, which is not shown in the diagram 
(Fig. 219, A), the contact is made and broken. Each time that the 
battery circuit through the 
electromagnet is completed 
Its armature is attracted and 


. a | : Fig. 221.—Tuaning-fork (7. F.) 
Fig. 220.—Metronome interrupter for galvanic and Desprez electric signal (Signal) 
currents. for time regiztration. 


it is this motion which is traced upon thechart. The rapidity of 
the to-and-fro motion of the metronome (Fig. 219, B, and 220) may 
be regulated 60 that the signals occur at intervals of from one-tenth to 
one second. Those of the pendulum are subject to about the same 
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attracts the prongs 
and breaks the contact. The magnetism disappe aring 
of the current, the prongs of the tunmg-fork again 
contact is retstablished. This repeated with a 
idity which depends upon the natural rate of vibration of 
‘he tuning-fork, and this varies with diffcrent tunimg-forks; and the 
same tuning-fork may be made to vibrate faster or slower by fastening 
« heavier or a lighter weight at a greater or less distance from the end 
of the prongs. The vibration rate employed is from one-tenth to 
one-two-hundredth second, most often one-one-hundredth second. 
Desprez's Electric Signal (Fig. 221).—This is a little apparatus 
which TTL be placed close to the moving sheet of paper in the myograph, 
and traces the units of time upon it. There ts a timmy electromagnet 
which acts upon an armature. The latter is of very light weight, and 
is pivoted upon an axis which is provided with a stilet which traces a 
line upon the moving shect of paper. The electromagnet and armature 
are both made of very JRITE se itt Iron, to Prevent ony permanent marz- 
netism, but even then the armature Toa not be instantly relegsed on 
account of a tract of permanent magnetism. A sheet of paper interposed 
between the magnet and the armature will prevent this. A delicate 
spring draws the armature away when the current is not flowing throu igh 
the electromagnet. The range of motion is very slght—the point 
of the stilet moves only about 1 mm., or -25 mch, Just enough to make 


a perfectly distinct break in the horizontal line traced by the st let 
when at rest. The electric signal is so sensitive and rapid m action 
that it will register even sf, second, which is a much smaller unit than 
is eVer necessary. ' 
Fic. 222 is a part of the time tracmg from a chart made by the 
author. The breaks in the horizontal line occur once a second. This 


Fig, 222.—Tracing made with Desprez signal. Each break equals one second. 


is the actual size of the tracing upon the chart. Signals occurring at & 
much more rapid rate would have to be registered on a sheet o! paper 
moving at a much more rapid rate than in Fig. 222, where the paper 
moves only 4 inch a second. Ee ee ta th ae 
Electrometric Charts.—Electric currents arming lm the bagi 
spontaneously, or in consequence of artificial stimulation of some ae 
may be registered upon a myographic chart, together with the otuer 
factors of the experiment. This is best done by having the moving 
strip of paper sensitized to light and inclosed im a camera, and eter 
an image of the capillary electrometer upon It. Variations in the aT 
of the column of mercury are registered upon the chart. The deta 
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Fig. oot — Det rez Signal in operation. 


displaces the cylinder slightly after the completion of each revolution, 
so that the stilet when at rest traces a series of parallel horizontal lines. 
Another simple mechanism makes an electric contact at each revolution 
of the cylinder, but each time at a slirhtly later period. <A convenient 
arrangement for accomplishing this is shown in Pig. 224. A cog-wheel 
with perhaps 100 teeth is fastened to the axis of the evlinder and causes 
the rotation of another wheel with 

hl 101 teeth. A projection at a cer- 
| tain part of the circumference of 

the latter produces an electric con- 

tact every time this wheel makes 

& complete revolution, and this 

takes a little longer than the wheel 


Fig. 224.—Mechanism for making an 
electric contact at a slightly later Fig. 225.—Successive muscular con- 
Period of each revolution of the myo tractiona excited and registered br the 
Br aph. : apparatus shown in Fig. 220. 


with a smaller number of teeth. The tracing in this case shows each 
muscular contraction separate and distinct, although the lines may cross 
each other as in Fig. 225. 

Effect of Speed of Motion of the Paper Upon the Miyographic Curre.— 
Ii the paper moves very slowly, each muscular contraction may be 
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| Fig. 227 .—Stair-case phenomenon from 
fatigue with periodic stimuli at intervals 


Fig. 226.—Comb-hke tracing upon a slowly of two or three seconds and with slow 
moving Mmrogrmy bee rotation of evlinder (Wes). 


The cylinder revolves much more rapidly for this purpose, and the 
vertical motion of the stilet makes an oblique mark upon the paper. 
This line will usually be found to be curved, as in Fig. 228. If the paper 
moves at the same rate in a series of observations the abruptness of 
the upward and downward portions of the curve will vary with the 
abruptness of the muscular contraction and relaxation, and the entire 
length of the curve will vary with the time elapsing between the begm- 
ning and the end of the contraction. These features and the latent 


Fic. 225.—Tracing upon a rapidly revolving myagraph. 


period or the length of time that elapses between the application of the 
stimulus and the beginning of the muscular contraction are amome the 
chief indications furnished by the mvyograph. ae 
Registering the Latent Period of Contraction.—Three different 
elements must be recorded: the units of time, generally indicated by 
a tuning-fork and Desprez signal; the closing of the electric Ca 
also indicated by a Desprez signal; and the muscular contracuion. oS 
Fig. 220 the myographic tracing is represented as being made by ais 
muscle (M) directly, though very often it is made through the inter- 
mediary of a pair ‘af Marey’s drums. The musele i stimulated by a 
faradic current, and the primary current of the coil passes throug 2 
Desprez signal (S.5.), which records the turning on of the Nets 
There is an entirely separate battery (B.2.) to actuate the sue oo 
afield the Desprez signal (T.3.), which records the units ol oS f 
dredths of a second usually. This arrangement shows che Jeng, 2 
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Registering Muscular and 
Other Bio-electric Currents. 

A pair of impolarizable electrodes 
! fe Ee. Fiz. 2a) Ari ADT iedd La} 
the Prt Lo he Ca sted. and art 
connected with the capillary elec 
trometer +. An are light of 500 
candle-power and a suitable ave 
tem of lenses And camera ensts an 
Imag of the column of Mercury 
through the slit, S. and makes a 


i 1 tl nent it a [tent photographic recor Lips iT the sen- 
SOME Pact on Myograph arrancerd - 3 
oO Trecord umtie of time, the application of the 


faradis current, and muscular contraction. evlinder revolves. All the other 

elements may be recorded LU DOn 

the paper at the same time by suitable electric signals and Marey’s 
drums. 

The details of the arrangements required for this photographic 

record of bico-clectric currents are shown in Fig. 230 from Tehiriev.! 


on ng hE rep = 


sttized paper as the registering 


& : 
Fig. 230.—A pparatus for registering bio-eleetrie currents with the capillary electrometer. 


The apparatus employed includes a dark room, similar to the room 
used by photographers for making enlargements from ordinary photo- 
grapos. It may be formed by placing a partition of compo-board 
across one corner of the laboratory. The are light is inclosed im a 
lantern, and the capillary electrometer is placed between this and a 
projection microscope. The latter passes through a light-proof opening 
in the wall of the dark room, and forms the lens of a regular photographic 
camera with a bulb and shutter. The back of this eamera is closed, 
except for a vertical slit which can be made wide or narrow. The 
vertical beam of light passing through this slit falls upon the sensitized 
Paper. The cylinder makes a complete revolution in from two to 


* Journal de Physiologie et de Pathologie, vii, 1905, p. 597. 








l 3 es from the eapillar 
o SETTen OF rest, sometimes amounting to 

P77 DSCLery and shunt circuit. Then the 

» kT Lhe Mmiusrulsar Currents. or those that : ; 


cry , my 
r J mk hoo he Rah a Ai ie Oh iti LLe* 
i . 1 i hte | t 7] i - "I 
juscle In consequence of its contraction 
q 7 L i a i 


pee Ck - 


.. : = cL si : . it" rt =i Cori | ae otograpl Leal bar. 
5 Iron SCAancdercon has Cone myc! ale i | | 


be uable work upon the detection 
ectric currents due t 


I the stimulation of Misc. 
THE ELECTROCARDIOGRAPH 

The Electrocardiograph.— When any muscle 

D irt. becomes negative to other Ha©rts, 


= ie | 
witha capillary 


contracts, the active 
Waller. it] LSAi. hret cemi nstratec 
electrometer currents duc in carcdiqae wet rity eral areod 
from electrodes applied to different parts of the surface of the body. 
Kleetrodes in the form of bands of metallic rai) 7e covered with woolen 
cloth th ay be wrapped Around each hand. or a hand and a foot, or each 
font. and when connected with a string electrometer i chico eee 
currents which are synchronous with the action of the heart. The 
curve registered undergoes characteristic variations in different cardiac 
lesions, and this has become an Important diaenostic aid in the hands 


Fic. 231.—Electrocardiocgrs ae 


of the heart specialist. The various positions of the electrodes give 
different normal curves. 
Einthoven’s string electrometer (page 163) depends upon the ee 
tion caused by the passage of these weak amd transitory cures Sa | 
& quartz filament tightly stretched in a powerful magnetic fiels Sefer 
Nicolai and Huth’s portable electrocardiograph, (Fig. 231) 15 & Gf 
i Journal of Physiology, 1895, vol. xvi, p. 125. 
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ded improvement. The string electrometer (page 163) consista of a 
— . a ae L | } 
lntinum filament 4 inches long, with a resistance of O10) ohms, stretcher 


ld of an electromagnet which weighs 60 pounds, and must be 
ted by 


a cirect current cither from the electric-lizht circuit or from 

ri* battery. Uther parts of the ADDATAtUS Are An Incancescent 

ght vacuum bulb, 4 cubic meters in diameter. in which there is 

mand of Wolfram or tungsten, 10 millimeters long and 1.5 millimeters 

wide, and throuch which DHSS 8 Current or 7 Am peres and 110 volta 

The resulting light is as powerful as an are lamp and has the advantage of 
requiring no adjustment. 


The entire length of the string is not shown, only a portion at the 
middle, which is seen through a slit at a rigehit angle with the length of the 
string. The image iz projected by ej Voce apochromatic 16 millimeter 
objective and No. 12 projection eve-piece, and a camera bellows excludes 
daylight. The registering apparatus is all enclosed, and contains a roll 
of bromide paper 60 meters long and 6 centimeters (23 inches) wide, with 
an ¢lectnic motor which draws a certain length of the photographic DaADEeT 
past the slit and registers tenths of a sem mal LI peOn lt and n um bers the =t rip. 
A Marey’s drum at the same time records the pulse or any other 
function desired. At the same time the record is being made the image 


Hypertrophy of left ventricle, 


Myocardiodegencration. 


Pericarditis with cardiac sufficiency. 
Fig. 232.—Electrocardiograms from one hand to the other (after Boruttan). 


is also visible upon a ground glass screen. Pressing a certain lever 
arrests the progress of the paper, cuts off the portion already exposed, and 
passes it into the automatic developing chamber, from which it emerges 
in about two minutes as a finished picture. 

The apparatus weighs about 125 pounds altogether, but is made up 
of separate parts which may be easily handled. It can all be placed 
upon a table 18 inches wide and 50 inches long. 

The sensitiveness of the apparatus should be adjusted so that 1 centi- 
meter equals 1 millivolt. 

, A standard voltaic cell and a rheostat are employed to neutralize 
ve difference in potential or the skin current existing at the two places 
of contact. The resistance of the pair of electrodes is about 2.8 ohms, and 
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f being the most important in diagnosis and always Present im health. 


[he space between / and @ is the auriculoventricular interval, and 


shows the time required for the propagation of the Impulse through the 


Fig. 233.—Phases of the clectrocardiogram. 


bundle of His. © shows the ventricular contraction beginning at the 
base, and # the wave of contraction reaching the apex of the heart. 
The ventricular curve gives an index to the functioning of the 
limbs of the sunculovent ricular bundle. { lescril meal by the Japanese physi- 
ologist, Tawara. Electrocardiograms are not directly affected by move- 


LAAAAS 
Fig. 234.—Electrocardiogram. 


ments of the blood or the condition of the valves. They “purely express 
changes in the electric condition of the heart due to muscular activity.” 
By some authors, 
I is designated as F. 
Sas J. 

_ Interpretation of Electrocardiograms.— Hypertrophy of the right 
Wentricle —R 1 (i.¢., R with lead No. I) is a very small upward projee- 
' Walter B. James and Horatio B. Williams, Amer. Jour, Med. Sei., Nov., 1910. 

2] 
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uy 


.ormay even be downward. #, U1 is upward and of greater magm- 
fhnde than normally. 


. 
a 


Hypertrophy af the Left Ventricle A. 1 is upward and of great 
“ 
i 


height and R. ILI is downward to the extent of perhaps 2 millivolts, 


Hypertrophy of the auricles may increase the heig 
A negative after-variation or I 15 always 


- 7 5 ey 7 ‘4 a 7 
found in arferioscivrosis, in Which Gens it 
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Fig. 235.—Electroeardiogram of a healthy adult male, taken while sleeping (James and 
Williams, in Amer, Jour. of Medical Sciences). 


It calls for treatment by sinusoidal baths 


oes : ry s, and in one case, reported by 
Strubel, T became positive, and all the cases were benefited. 

tm east negative variation S of 0.1 to 1.25 millivolt is characteristic 
o our MIC NEUTOSES and neuroasthenia. lt is of less frequent occurrence 
In organic cardiac or rascular thyroid disease. 
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uficient positive after-variation 7 in many ergeante cordiac 
hangers is improved by qinusotdsl baths (Strubel). 
shortens the diastole represcn ted by the distance he 
the following P, and i extreme when P and T coincide. 


. z = — |) ——= +i 7 = =i : fs 
suee of cardiac rhythm are clearly shown also extrasystoles 


nulsus bigeminus. Ventricular extrasystoles sometimes give a 


Lich T wave followed by an S Wave extending far below zero. ("“om- 
pletely irregular heart, nodal rh} thm, or pulsus irrecularis perpetua show 
eeveral small diastolic waves in cach eycle without any normal P wave. 
This res thoucht ho imoiente that the trouble 1 due to auricular fibrillation 
(James and Williams). 7 

In arterial hypertension and renal sclerosis the ventricular contrac- 
Hon ig slow and jerky, and also in mitral stenosis. Functional trouble 
of the auricles and aortic insufficiency are clearly shown.' 

Experimental section of one limb of Tawara* produces an enormous 
increase in ventricular, E. M. F., and an approach to a diphasic curve 
with a gallop rhythm. James and Williams give the electrocardiogram 
of a patient, with possible lesion of the night limb of Tawara. The 
patient has moderate hypertrophy, dyspnea mereasing for the last five 
years, second aortic sound accentuated, no murmurs, but gallop rhythm. 

H. Vaquez's investigations show no information as to the energy of 
the cardiac contractions.* 

Experiments by R. H. Kahn' and by Eppinger and Rothberger’ 
show that the currents produced by the two ventricles are in opposite 
directions: and Rothenberger and Winterberg show that these currents 
are not synchronous, and that the different phases shown in an electro- 
cardiogram correspond to the contractions of the different portions of 
the heart.* 

The heart-sounds and the electrocardiogram have been registered 
together by R.H. Kahn,’ who finds that the first sound falls between 
R and T; the second sound begins z}, second after the end of T- 

Pachon’s left lateral decubitus is desirable for electrocardiograms. 

A. Lohmann and M. Rinck give practical directions for the use of the 
string galvanometer and photographic registration of the same." 

Dr. Walter B. James and Dr. Horatio B. Williams im this country 
have made important contributions to its clinical use. : 

Duhamel has invented an electrocardiograph provided with a dial 
and needle.” | 

Currents of Action in a Muscle During Tonic Contraction.—The 
current has about the strength of +5; Daniell cell, and the wave of nega- 
tive variation has a speed of between 1 and ¢ millimeters per second.” 

Currents of Action in the Ureter—Triple phase currents have been 
demonstrated, corresponding to the peristaltic waves in the ureter." 

‘KR. Moulinier, C. K.. Soc. de Biol, boa, 134, July 4, 1911. 

* Eppinger and Rothberger, Zeithach. f. kin. Med., bex. 

7. R. de la Societe de Biol., boa, 23, July 1, 1911. 

‘Centralblatt fir Physiologie, xxv, T28, October 29, 1910. 

* Thid., 105-3, February 4, 1911. 

"Tbe. 959, January 7, 1911. 

’ Archiv. fir die ges. Physiologie, exxxvii, 597, 1910. 

* Archives fir Physiologme, |, 447, 1910. 

* Th, v. Bricker, Archiv. fir die gream, Physiol 1910, cxxxii, p.313 

11. Orbeli and Th. ab Bracke, Archiv. fir die gesam. Physol., 1910, cxxxiii, 
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Currents Produced by Cold Applied to a Nerve.—'The portion of a 
nerve which is cooled henonmes posit ive to any other part.' 

Contraction of the Separate Muscular Fibers.—This is a process of 
thickening and of longitudinal shortenmeg, and is probabh 
connected with a chemic change in the protoplasm which is rapidly re- 
renerated after the contraction has ceased. | ; 
Contraction of a Striated Muscle.—This occurs under the influence 
j | 


of an electric stimulus, usually as a shortening and swelling of the entire 
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a 


Fig. 236.—Stimulation of the rectus muscle of = frog. Swelling at the cathode extrem- 
te ¥ Ch MCUs section. 

muscular mass, but sometimes as a wave of swelling advancing along 
the muscle, and sometimes as a swelling at one end of the muscle. The 
last-named condition may be produced experimentally at the berinning 
of a continuous current through the rectus abdominis muscle of a frog, 
dissected out and pinned to two corks. Impolarizable electrodes 
should be used. This muscle presents transverse tendinous septa, and 
at the beginning of the passage of a constant current, from one end of the 
muscle to the other, a swelling is seen at the cathode end of each muscu- 
lar section (Fig. 236). A swelling is produced at the end where the 
current leaves each muscular section. It disappears,. and a swelling 
occurs at the other end of cach muscular section. 

This is a simple example of a great law in regard to bipolar electric 
stimulation, viz.: 

The wave of contraction in striated muscle arises at the cathode 
when the current is made, and at the anode when the current is broken. 

Another example of the polar nature of muscular contraction is 
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Pig. 237.—Hering's double myograph. 


shown by means of Hering’s double myograph (Fig. 287). The muscle 
ee at its middle point and the two electrodes are applied near 
ye ends | the current 1s made, a contraction takes place in the half of 
t ee to which the cathode is applied when the current is made, 
400 in the portion to which the anode or positive electrode i: | 

when the current is broken. | 2s 


'G. Galeotta and F. Porcelli, Recherche di elettro phisi lo i eriteri 
7 "a: + a ; F ; a = “h tra ' l. a k ' i r : 
elettrochimica Zeit. fir allegemeine Physiol, 1910, xi, ler 317 . secomte, 1 ote cee 
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cat eel 


F. W. Froéhlich' finds that when both ele ca are applied to one- 


i * 7 ae 7. ‘ “ il 
muscle which w fixed at its o che li Point, COMCMCTION taker 


ii 
nthat half. It subsequently occurs in the other half. Con- 
tion in the half ceases, and the process of restitution bees 


while contraction is still present in the second half. This partly explains 
be Gb i ; 2 . - : 7m i he 
why the ereatest muscular contraction 1s never obtained from a single 


= ' os oe _ 
enim ation. 


TAe he rl aclary aT ite rut fe ria af Af wee ular (Cantraction —A Smal! 
period of time elapses between the application of the stimulus and the 
eccurrence of muscular 
eontraction. This occurs 
hoth when the stimulsa- 
tion is applied directly to 
the muscle and when it 1s | 
applied to the nerve. In 
the former case It 5 about 
one-five-hundredth sec- 
ond. In the latter case 
there is added to this the 
time occupied in trans- Fete 
mission through the See 
nerve, and this averages ! , 
about 30 meters a second. 

he latent period os Fig. 2338.—Latent penod of contraction when the muarle 
measured by means of a <a stimulated. 
myograph on which are 
recorded the units of time, the making of the current, and the occurrence 
of contraction when the electrodes are applied to the extremities of the 
muscle itself (Fig. 238). 

The latent period in frog’s muscles at ordinary temperatures 1s about 


Fig. 239.—Time required for transmission by a nerve. 


one-two-hundredth second: it is shorter at high temperatures and longer 
at lower temperatures. 

The time consumed in the transmission of the stimulation through a 
certain length of nerve is measured by the myograph, upon which 
‘16, 10, G7, Atay Gy DOOp. - 
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tracings of the units of time, the making of the current, and the occur- 
renee of contraction in the ¢ame muscle when the electrodes are apple 


ty r 3 1 ; 
eal PLE rics per 


at two different parts of the motor nerves (Fig. ; 
[wo separate measurements of the latent period are made, changing 
the position of the electrodes, The difference, in fractions of » 

between the two latent periods found in this way f& due to time 
consumed in transmitting the stimulation through the length of nerve 
‘ 1. * 


= | : . F . . = " SS r Lae ee / rh = = f bel " 
between the two different parts at which the electrodes sare applied. 
. & UO 
cg 


Human nerves transmit impulses at the rate of about 50 meters a second. 

Bearing of the Laten! Period of the Muscle and of the Nerv Limon the 
Effect of Allernating Currents. Alternations more 1 api than BN) to the 
ceecond do not produce muscular contraction, because the effect of the 
current in one direction may not have time to develop before ft is 
suppressccl bw the current in the OD Posi te direction. 

The Latent Period af ie Spinal (‘ord.- -By this 1 meant the time 
occupied by t he cord in recerving an impulse from the stimulation ot 
Sensory nerve, anc in sending Out AD impulse through 1 Motor nerve. 
lt is the time required by the spinal cord for the performance of its 
reflex functions. 

It 1s measured by means of the myograph. Electrodes from a 
faradic coil are applied to the motor nerve near the spinal cord and the 
latent period of contraction noted. 
The electrodes are then applied to 
the sensory nerve near the spinal 
cord, ard the latent period of con- 
traction is again measured. The in- 
crease in time required in the latter 
ease if due to the latent period of 
the spinal cord (Fig. 240). The 
latent period of the cord is about 
twice as much as that of the whole 
lencth of the nerve. 

_. fhe Muscular Wave.—A striated muscle whose nerve is stimulated 
either at some part of its course or at its insertion at the motor point of 
the muscle seemingly contracts simultaneously in all parts if it is in a 
normal condition. Certam diseased conditions, principally of the 
herves, prevent this and cause the contraction to Progress eradually 
irom one part of the muscle to another. Poisoning by curare also 
produces this effect by paralyzing the motor plaques, the terminations 
of the nerve-fibers upon the individual museular fibers. 

But even under normal conditions a wave of contraction traverses 
the muscle after the application of a stimulus. This is associated with 
or electrometric wave. The wave of contraction is shown by means 
of a registering cylinder, one end of the lever resting upon the lateral 
suriace of the muscle and being raised when the muscle swells and show- 
Ing that the wave of contraction has reached that pot. 

It Mist be remembered that muscular contraction Means shortening 
and broadening of the musele—a change of form, nota change in volume, 
anc that a polar stimulation with the anode there = A peripolar zone of 
contraction and a polar area of relaxation. There is quite the opposite 
with the cathode. 
current quickly incroesee fr corscunt ibe Reeative clectrode when the 

q ¥ increases in strength, and at the positive electrode ot 
anode when the current is broken or quickly diminished in strength. 


Fig. 240.—Latent period of the spinal 
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Unstriated or involuntary muscles sre commonly 
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et ; pS Se COMPACTION at the anode 
anneta nk. el rrn oa i Des | 
Pree on, and at the cathode when this 
eet cles Of the intestine are examples . 
Differences in Electric Conditions Produce Difticories . 
Muscular Contraction.—A continuous current turned on with , iv 
iw 4 Eden, ab WIth fradiu- 
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Monopolar sti 


ri lation a etfected by placing Orne electrode upon the 


at ie | Lk indifferent Dart ce the 
Che diffusion of the current in the 
or the active electrode takes place 


muscle or nerve while the other is applied to some 
animal at a distance from the first. — 
Immediate neighborhood about 
ae . é 1 . : about, 
equally _ all directions. There is neither an ascending nor 4 descending 
current In the nerve or muscle. A muscle responds about equally well 
Ta) POSITIVE or negative monopolar stimulation. but a herve Or the 
Morr poms or a musele shows a marked difference between nerative 
and positive monopolar stimulation. oi aie 
Contractions Occurring at the Making or Breaking, Closure 
or Opening, of the Constant Current.—There is an anodal opening 
contraction when the current is broken while the anode is upon the 
muscle or nerve and the cathode is upon some indifferent part of the 
body. The other designations are cathodal opening contraction, 
ain Kl al closure contraction, and anodal opening contraction. The names 
Indicate the act ive electrode, or the one which is applied to the muscle 
or nerve, and whether the circuit is closed or opened. 


NORMAL ELECTRIC REACTIONS AND DESIGNATIONS OF THESE CON- 
TRACTIONS 
ENGLISH. FRENCH, GERMAN. 
Cathodal or kathodal cloe- (Closure. .fermature; con- (Closure. .Schlessung; 
ure contraction CaCct traction. .secousse) Ca contraction. .fuckung) 
or KCC. Fs or KFS. Kod. Wz 
Ants] opening contrac- Opening. ouverture AGS, Opening. Ofnung ADE. 
tion AGH, 
Anodal closing contrac. AFS. 
tion ACC, | 
Cathodal or kathodal clos~ CaFT or RFT. 
ure tetanus Call or 
RCT. ) ayes 
Cathodal or kathodal open- CaOS or KOS. 
img contraction Call 
or Ki, 
AOC and ACC are not far from equal, and the latter is given as the greater mm 
Many tables of this kind. CaCC is much stronger and CaOC much weaker. 


REACTIONS TO ELECTRIC STIMULATION IN NEUROMUSCULAR 
PREPARATIONS 


A battery of variable strength may be used. The variations may 
be secured by changing the number of cells employed or by using & 
rheostat or a volt controller. One hundred and ten volts direct electric- 
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chee mle atin ied fo the nerve Ww 
the cathode when the current is , 
when the circuit is either opened or closed. And with neither the 
active electrode will there be any contrac. 


cathode or the anode as the 


eta i during the fow of the current. 

Lhe first change that is noted as the current is increased js that the 
ecathodal elosure contraction Increases in strength, and that snocdal 
opening contraction occurs. 

lt requires a still stronger current to excite anodal closure con. 
traction. And with an ext remely strong current cathodal closure tetanus 
occurs. This is a continued contraction following the closure of the 
circuit, and lasting cL EL appreciable length of time. The other contrae- 
th Ms mentioned have been apparent! Instantaneous shortening. 
Immediately followed by relaxation. : 

The effect of the strongest current suited for such experiments is to 
produce cathodal opening contraction. 

~CaCC 5 milliamperes” is an abbreviation for the statement that 
cathodal closure contraction requires a current of at least 5 milliamperes. 

Form of the Myographic Tracing.—Each museylar contraction 
shows three pl ases in the myographic tracing: Thev are a refractory 
or latent period, a period of ascent. and one of descent. The curve 
representing the period of descent is usually longer and less abrupt than 
That of ascent. 

The form of the curve varies in different animals and in the same 
muscles in the same animal. It varies under the influence of faticue, 
heat and ecole, and other ATencles. | i 
_ The Effect of T'emperalure-—Changes in temperature act in a very 
marked manner. Fig. 241 shows the maximum height of the mvographic 

curve at different temperatures from 

0" to 38° C., according to the obser 

vations of G. Wes. The weight to 

be lifted remained the same. and the 

same electric stimulation was applied 

=} ——_, with a long enough interval to avoid 
Fig. 241.— Height of the eont Faction the Jnfuen ce of fatigue. The etfect 
at different tem peratunes (1. (isutonfe) cot InCroas INS the Cem perature IS to 
WW cies). one L = contraction very much 
fgg gs: pe shorter in duration. A study of this 
ore Norse aged ecg pone — ae _ a" C. (the freexing- 
height of contraction, At - 6* earache oe Pais a Wau sbarage a ; he 
Faction occurs, and at 0° C. a 
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maximum contraction occurs. From 0° to 19° C. the height of eon- 
traction diminishes slightly, and from 19° to 38° C. (the temperature 
yf the human bexl¥) it rises again to the same maximum. Raising the 

mMperacul bewond 38 i. the i" ‘contractility 
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3 Seen to fall very 


completely disappear: 1 at the same time the 
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to recurn To NS Original lenge h alter each contraction, but tends 

ss Into a state of persistent contracture. The latter condition 
ws permanent if the muscle is not cooled quite promptly. 
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Fig. 242.—Wave of contraction at different temperatures C. (isotonic) (Weiss). 


Fig. 242 from G. Weiss shows the comparative height of muscular 
contraction following equal electric stimuli, but at different temperatures. 

The effect of temperature upon the response of muscle to electric 
stimulation is modified by the rapidity and direction of the changes of 
temperature and by the conditions under which the muscular work is 
accomplished. This is true both of single muscular contractions and 
of experimental tetanus." 

Influence of Fatique.—Z. Treves? has made experiments which go 
to show that the progressive diminution in the amount of work per- 
formed in a unit of time by a muscle under electric stimulation of its 
herve is due more to nervous than to muscular fatigue. 

Influence of Resislance—The greatest height of contraction is pro- 
duced when a suitable small resistance is to be overcome, such as a 
small weight to be lifted. Electric stimulation produces contraction 
when there is no weight to be lifted or when the weight is increased 
Within certain limits, which are sometimes quite extensive. A heavy 
welght prolongs the period of ascent and shortens that of descent, and 
with a very light weight the period of descent may be very long. 

_ Extensibility —The extensibility of a paralyzed muscle is independent 
Of its electric excitability. EE. Overton has shown that removal of all 
the sodium chlorid in the muscular substance renders it completely 
inexecitable. Motonosuke Goto* has studied the extensibility of muscles 
Paralyzed in this and other ways, and finds it unaffected. 

Effect Upon Resistance to Rupture —The resistance of a muscle to 
rupture during contraction from electrization is equal to the sum of 
the breaking strain of the muscle when at rest, and the force of its 
contraction when stimulated.* 

_* J. Carvallo and G, Weiss, C. R. Soc. de Biol., eleventh series, 1, 660, July 15, 
1599, and 686, July 22. 1809. 

hes 2 igys veer 237, 1906. 

. ‘J. Carvallo and G. Weiss, C. R. Soc. de Biol, tenth series, 6, 122, February 
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Stimulation of the nerve docs not 
cause a wave of muscular contraction. 
All parts of the musele contract at 
once. The same ts true of stimulation 
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at the motor point of the muscle, since this is really stimu 


i 
al 


through the nerve at its place of subdivision. Stimulation of a muscle 


at the point farthest from the entrance of the nerve Mav Case A Wave 


of contraction: anc stimulation of & cCUurarized nerve always does. 
The wave of contraction in living human muscle travels at the rate of 
about 10 to 13 Meters A SCT. ; 

DuBois-Reymond’s Law.—Dnu Bo-Reymond’s law is that the 
muscular contraction is mfluencec by the magnitude and suddenness 
of the change in the strength of the current. Many circumstances 
modify this and make the mathematic application different in the 
Various forms under which the current is applied, Sich ss condenser 
discharges, induced currents, and interrupted galvanic currents. Differ- 
ent formulas have been found | VY Various observers to correspond 
closely with the results of their experiments under these different con- 
ditions. No one simple formula suffices even approximately.for every 
condition. 

Nature of Nervous and Muscular Excitability.—The stinmulating 
effect of electricity upon a nerve or a muscle j doubtless due to a change 
produced in the tissue, and this is supposed to be of the character 
covered by the term electrolytic used in its broadest sense. There is 
4 migration of ions and a difference in the osmotic pressure Inside the 
muscular cells and the nerve-fibers. Chemie stimuli produce their 
effect in a similar manner. : 

The electrolytic effect upon muscle is shown by the demonstration 
of a current of polarization after the application has ceased, and even 
interstitial changes may be visible to the microscope. 

Stimulation of nerve-fiber under ultra-microscopic examination pro- 
duces a current of action. but no visible change in the colloid appesrance.! 

The ionization of the salts in different animal cells when it reaches a 
certain degree affects the albuminoids sufficiently to produce a stimuls- 
tion (threshold of stimulation) in nerve or muscle. Nernst’s theory is 
that those tissues may be considered a series of cells separated by semi- 
Permeable membrane? 

The osmotic pressure in muscles is raised sometimes as much as 
2.6 kilograms per square centimeter when the muscle is in a state of 
contraction.” The elevation is greatest when the stimulation is pro- 

* KR. Hober, Archiv. f. die ¢ sam. Physinlogie, ood, 254, 1910, 
*P. Lasareff, Archiv. fir die ges, Physiologie, exxxy, 196, 1910. 
*Stephane Leduc, Bulletin Medical, 140, 1190, May 1, 100s 
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longed! and strong. Jt is, perhaps, the chic! factor im the development 
eyec alte 
Application of Electric Stimulation.—The stimulation may he 
plied indirectly through the imtermedliary of the nerve or directly 
usele itself. Im the latter ease the result ts due partly to 
imulation of the muscular fbers, but largely to stimulation oi 

terminations of the nerve-fbers. Lhe effect of the la tier 
be eliminated by the administration of curarim, an alkaloid which 
nary ze 


rad Vvzes CHC Moe!) ree Le We 
Stimulation of a Muscle or Nerve through the Unbroken Skin 
Monopolar Stimulation).—A small electrode ts applied to the surface 


F Ties! ie 1 


oe 
[ ] ft | 
a, 


he oolrse 


of the nerve orover the muscle, and another 


at some distant mdifierent 
the current at the active electrode is greatest 
war this electrode. and becomes weaker as the lines of force spread (VUE 


very direction through the body. This creates a difference im the 
ve or muscle bY an electrolytic action, and under certain conditions 
“monstrable contraction 18 exerted. 

Points of Election or Motor Pornts.—These are the places upon the 
surface of the body where the application of the active electrode results 
in the strongest muscular contraction. The motor pomt of a musele 
cenerally corresponds with the point at which the motor nerve enters 
‘¢. and divides into its terminal ramifications. Stimulat on at the 
motor point is really stimulation of the motor nerve, but limited to the 
individual musele. If the active electrode is small, the current of 
moderate strength, and the motor point accurately found, the individual 
muscle may be made to contract, while the neighh ring muscles rena 
relaxed. This is one basis of the use of electricity m diagnosis and 
treatment. hs 

Charts of the Motor Points—These are more or less diagrammatic 
pictures of different parts of the body, showing them ‘Lor points according 
to Erb’s elassic observations. They are of service pbs general guide, 
but the exact localization Is partly a matter of experiment m each ane 

Degree of Excitability to Percutaneous Stimulation.—The normal 
desree of sensitiveness of the muscle or nerve to the make or break 
of the current is the same as that given on p. 327 in describing the effect 
upon exposed nerves or muscles. a , 

: The Strencth or Height of Contraction.—The strength . a 
traction under the different conditions of polarity andl opening or ¢ ae : 
of the circuit follows the order of their appearance 3 6h ile ve 
table (p. 327). The cathodal closure contraction Is QOPI ALE 
BLTOnGest OF fll. Sees cme . swaltcirliial 

nest of alg Maximal Contractions—Taking any. individual 
phase, such as the cathodal closure contraction, and piesa Sate no 
by means of the myograph, we find that a weak current te any con- 
contraction at all; that the weakest current ae uate ey 
traction at all produces a minimal contraction, am peddeds which & 
is increased in strength a maximal contraction = . eae 
not surpassed by further Increasing the strength : Es b the Frene 

The production of the minimal contraction 15 called bY 
the thres| ff contraction. t area ye 
ae Praciosgnene 2 a not contract at all unless a current bio! enqugn 
to produce a maximal contraction is applied. The cardiac musele 
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becomes apparent in a dimmished height of contraction. | 
It is the same in regard to the maximal contraction. Phe greatest 
EB hoa m1 . 1 | So hy E 


short time, and then the effect of fatigue 


of contraction that can be produced by a single stimulus [ 


exceeded if successive stimuli of the strength required to produce 4 


AAA 


Pig. 244.—Tracing on a slowly revolving cvlinder and with stimuli} applied at short inter. 
val. [necrease in maximal contraction followed ls fatigue. 


maximal contraction are applied. Fie. 244 is a myorra phic tracing 
made with a slowly revolving evlinde:, and stimull applied at such 
short Intervals that we get the effect of an increase above the maximal 
contraction from a single stimulus. The stimuli appled are all equal, 


= 


but the height of contraction increases progressively up to a certain 
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Fig. 249.— M vograph bev Eber ineres.a ire heig het of mixcular contraction with inerean- 
ing Strength of current. Each ont raction is measured from its own horizontal line. 
The Maximum COME ract pom is ree hed in this Clizuerreurty at the third <timulat peor. Alkthourh the 
Stremeth of Clirrent iz =till further int hemes the et inn tt re ure pel bescl nt long intervsl« arbc 
we, therefore, do not get the effect of a rapid series of stimuli which would inerease tba 
MAXIM! conteyuethon. 


limit and then diminishes to a certain limit In consequence of fatigue. 
Fig. 245 is a tracing upon a rapidly revolving cylinder. 

Electric Muscular Tetanus.—If stimuli are applied in such rapid 
Succession that One contraction has not ceased before the next con- 
traction begins, we have the condition of continued contraction which 
13 called tetanus. This condition does not imply the presence of the 
dangerous infective disease called tetanus. although it occurs as one of 
the symptoms of that disease. The apparently continuous contraction 
of the muscles of the forearm Which takes place physiologically when 
We f£Tasp anything firmly Is not exactly Analogous to the tetanus 
Produced by very rapidly repeated electric stimuli. The muscular 
cramp which is so dangerous when it attacks one in SWInMINg is more 
closely parallel, though electric tetanus is not painful unless a powerful 
current 15 applied. 

_ Faradization affords a familiar example of electric tetanus, but the 
latter is not necessarily a phenomenon of high tension or of induced 
currents. It is duc, on the other hand, to the rapidity om the stimuli, 
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nPest sincle Stimulation will net clo so. excemds the OCA ELLE from 
The f ro fuel nof Electric Tetanus.—J.Car- Tioga erat 

vallo and G. Weiss' believe that the magnitude of the successive stimuli 
is of greater Un portance in the production of tetanus than their fre- 
quency, and that ita determination is easter. Both factors are essential. 
however, In the case of a unidirectional current, as well as in the case 
of the periodic (alternating) currents from an induction coil. 

Submarimal Tetanus of Striated Muscles.—A striated: muscle under- 
oes a series Of uniform contractions when it is subjected to a series of 
maximal stimulations. A. Samojloff? finds that less powerful electric 
stimul: produce a series of unequal contractions, and that the inequality 
does not follow any definite law. 

Mazimal and Submaximal Cantrachon.—The greatest amount of 
muscular contraction which can be caused bv a single electric stimulus 
is called maximal muscular contraction. 

Any smaller amount of muscular contraction is known as submarimal 
muscular contraction. A maximal stimulation is produced by an elec- 
tric stimulus powerful enough to produce maximal contraction. 

A series of maximal stimuli from an induction coil produces 4 tetanic 
contraction whose myographic tracing is a regular curve; but when 
weaker induced currents are used, the tetanic contraction makes an 
itrecmular and t remblinge trace. Cooling a muscle causes the tetanus to 
become reqular. : 

A. Basler has shown that the sartorius muscle of a frog & easly 
put into submaximal tetanus bv weak faradization of 1ts nerve, while 
a much more slowly interrupted or alternated current will produce 
tetanus only with a current which is strong enough to produce a maximal 
contraction. Submaximal contraction becomes a continuous praree 
contraction if the stimuli occur as rapidly as | LHneS eh second, - Ws 
maximal contractions do not become contmuous unless the stimull oa 
a5 frequent as 34 asecond. The myographic chart made with pater 
27 and 34 interruptions a second shows a continuous fused bavhe ee sler 
weak currents, and a serrated tetanus with strong currents. - the 
explains this on the theory that the weaker current stimulates ara 
thin, slow, easily excited muscular fibers, while stronge re he Aces 
late the rapid fibers which are more difficult 0 ane 3 st 
gastrocnemius muscle does not answer for this experlmel is to produce 

The effect of alternating or of interrupted direct eurren”™  aechatioe 
exactly the same muscular tetanus, provided the SRS te 

\ Toornal de Physiologie et tle Pathologie, I, 1sou, 7 
2 Arch. f. Physiol., 512, 1809 
2 Arch, f. d. ges. Physiologie, 


“105, 44, 1904. 
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single electrode is applied between 
the other two. In euch Leger the 
lorked clectrode is the more active, 
and it will, for instance, prevent the 
occurrence of clectrotonus due to the 
middle clectrode when the applica- 
tion 1s made to an exposed nerve 
(Fig. 247), 
lt afiords a n 
timulation. An cect lon ri decp-seated nr se 
(amie : without diffusion of the current. 
ectecnenow, In ISho, and B. Werigo* have especially investieated the 
Sect OF Dipolar stimulation. | 
Peripolar Stimulation.—This occurs when a small electrode tg 
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Fig. 2458.—Per ipolur stimulation. 


& large electrode is applied to the opposite side of the limb. In F ig. 245 
: er e eleetri mle Ls over the muscle. The direct lon of the current 
arte af .ué muscle is from both ends toward the center. Of cou rse, all the 
cote a hag the Ia re indifferent DOSsItive electri whe does not ro to the two 
ary ae i 2 sea 18 the diagram would Indicate. but reall ¥ spreads 
Sails : cs he anode and, entering the nerve or mus¢le at many different 
AS foc ene the niusele, to leave it chiefly at a point as near 
z ae to the cathode. ‘ ; 

Minulee is thus produced in the nerve or muscle the same tri volar 
ue me Hse at - u ci ye or muscle had been exposed, and a sincle 
eee SISCTrOde had been «a plied between two ¢ nit ts ae 
Kosi tive , Pp TW wo elec s from ¢ 
Po gie pole of the battery. 2 eetrodes from the 
Grech ee Physiologic Electrodes.—The electric current passing 
ae ein , Pastors from either end toward the center may be regarded 
fe ee sy Sint a. postive Physiologic electrode at either extremity 
ae phere, Me p Lysiologic electrode at the center, The TST es. virtual 
MY ELOLO PIC electrodes Intlicate the place at which the current enters 

i ournal de Physiol Lo fe od ie. 
24 l. et de Pathol., 1899. 
Arch. f. d. ges. Physiol., Ixxvi, 517, 1899. 
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the muscle after having passed through the different struc- 
the limb from the places where the real electroles are ape ica. 
electrodes ar the metallic or ot her terminals from the Lwio 
: battery. 
= already been stated that the single middle electrode in tri- 
ar stimulation is deprived of much of its effect, and that the outer 
forked electrode is the active one. This condition prevails to a certam 
extent In peripolar stimulation and may explain the phenomenon of 
the reaction of degeneration. 
Nature of the Electric Current Employed.— Variations in the 
strength of a galvanic current price museular contraction the height 
cf which Increases with the amount ancl abruptness of the change if 


éhe strength of the current. 


Induced currents provoke contraction and are Yery readily applied, 
either as molated induction shocks or as the per relic: discharge from & 
faradic coil. 

Faradic excitability may be lost and galvanic excitability retamed 
in certain diseased conditions, or the reverse may be true. These 
deviat ions from the normal yield itt IPOrtant information as to the con- 
dition of the nervous and muscular systems, and furnish indications for 
the proper electrotherapeutic application. _ 3 ; 

The primary current of a faradic coil is an interrupted ralvanic 
eurrent with a high-tension clement due chicily to the ee] f-imeduction 
occurring each time the current is broken. This form of current may 
be used to excite muscular contraction. 

Von Helmholtz’s faradic coil has the connections of the primary 


eoil so arranged that there is never a complete break in the primary 
circuit. At a certain stage the current passes through the primary 


eml in full foree, and at another stage a large pari of the current 
diverted through a shunt of low resistance. The object of this is to 
eliminate the self-induction occurring in the primary coil when the 
current is completely broken, and make the variations im strength of 
the primary MUTTeH. equal. The reduction ani increase in the primary 
current being of the same quantity and abruptness, the currents induced 
In the secondary eoil at these two phases of the primary Current are 
equal. A faradic current from such a coil does not have the polarity 
which characterizes that from an ordinary faradic coil. There is no 
difference in the effect upon muscles or nerves whichever is the active 
electrode, while with the ordinary faradic coil the currents in one 
direction are much stronger than those in the other. 


CORTICAL STIMULATION 
_ Epileptiform Convulsions Produced by Cortical Stimulation.— 
Stephane Leduc’ shows that intermittent currents of low tension 
applied directly to the cortex of the bram will produce the group of 
symptoms typie of epilepsy. He thmks it practicable to study the 
eae of different therapeutic measures upon this artificially induced 
epilepsy. 

J. L. Prévost and J. Mion? have studied the effect of thyroidectomy 
upon the epilepsy induced in young animals by alternating currents. 
They find that it prolongs the stage during which cortical stimulation 

: Arch. de med. des. Infanta, 12, 771, October 25, 1904. 
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was followed ov more or less prot use perspiration of the opposite skit 
om the bw ty, lasting five or ten minutes. 

Phe same result was obtained in a colt by stimulating a center about 
the size of a silver 10-cent piece in front of the Motor ares. Ligature 
of the blood-vessels of a limb did not prevent sweating when the cerebral 
center was stimulated. Neither did the use of curare prevent muscular 
contraction. 

Morements of fhe Muscles of the Eye jrom take; ulation of the Carlez 
of ihe OHratm.—R. duBow-Revmond and P. Silex? have studied this 
subject, and find that in dogs there are three different centers where 
electric stimulation produces movement of the eye. One 1s the visual 
sphere, another is a point in the center for movements of the neck. and 
another is in the center for movements of the face. Stimulation of the 
first two produce associated movements. Stimulation of the last-named 
produces eolated Movements. The Visual sphere has to do only with 
movements which normally accompany the exercise of the visual 
function. 


STIMULATION OF THE CEREBELLAR PEDUNCLES 

F. H. Thielle® finds that this produces movement principally of the 
muscles on the same side of the body. 

Cerebellar Localization by Electric Stimulation.—G. Pagano* 
finds that there are two special areas, one for the upper extremity on 
the same side, and the other for the posterior extremity on the same 
side. The first of these is located at the middle and lateral part of the 
vermis; the other, a little back, on the base of the lateral lohe near the 
vermis. Stimulation Of these areas does not produce spasmodic move- 
ments, but attitudes maintained by a muscular contracture. The 
posture may be one of flexion or extension, adduction or abduction, 
and so many muscles may be involved as to indicate that Many centers 
are grouped in a very small area. These centers are at some little 
depth. The contracture may be modified by the will. Another feature 
of stimulation of the anterior extremity of the vermis is Sretaue 
with anxicty and terror. but no forced or ataxic movements, although 
it does cause a violent reaction to noises or other slight external causes. 
"ith this psychic exaltation there is vertigo, and the dog upon whom 
the experiment is tried barks and whines. From this experiment it 
would appear that the anterior part of the vermis normally plays an 
‘portant réle in the different emotions and in their expression. 


'Vratch. gaz. Ancien. Ejendelnik, October 9, 1904, 1130. 
* Journal de Physiol. et de Pathol, 1899. 

* Jour. of Physiol., 32, 350. 1905. 

* Arch. Ital. di Biol, 43. 130, 1905. 
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STIMULATION OF THE SPINAL CORD 
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S. Bagliont® shows the n nportance of the presence of OAXVPFCH to the 
hne tions me the Sonia cord. ihe isolated spinal cord of a frog USES 
its excitability in an hour. But this oe rsists for twenty-four or thirty- 
six hours in f PTSUUS OF fe ze medmm ric h in OxXVen, such as oxygen 
Pas Under pressure or ws through which a current of Oxygen is E massing, 

or a solution of H, lh, 

The Excitability of the Spinal Cord.—The excitability of the 

spinal cord adapts itself to the inte nsity and periodicity of the stimula- 
tion. G. and A. Pari* find that reflexes excited by the stimulation 
of a centripetal nerve are usually equal if the stimuli are equal. oe 
now, the stimuli are markedly changed j in strength, there ts at firs 
corresponding change in the reflex effect. but later the latter retu ie 
to the original strength. Lhe spinal cord as 4 reflex motor center 
adapts itself to the strength of the stimulation applied, and after this 
adaptation has taken place the same reflex effect is produced by a weak 
45 at another time by a strong stimulus. And the minimum stimulation 
whieh will oroduc et reflex etfect de ‘pe ‘nels upon the strength of the 
stimulus to which the cord h: as previously been subjected. 

A. Pari® has found that the automatic oscillations of excitability 
in the centers in the cord have a tendency to synchronize themse Ives 
With the rhythm of a pe rice stimulation. Rhythmic stimulation 
of the nerve-conters causes a rhythmic muscular contraction, but the 
latter is of an oe lating amplitude: strong contr: Actions alternate with 
Weaker ones. This is due to physiologic alternations In assimilation 
CAMS rhythmic alternations In excitability, and if these are not of 
the same rapidity as the rhythmic current, they spontaneously be- 
COMG sc. 

Uterine Contraction from Stimulation of the Spinal Cord.— 
E. { ‘hidishimot hinds that electric stimulation of the spinal cord below 
the origin of the tenth dorsal nerves causes the movements of the uterus 
to become regular and more energetic whether they are excited directly 
OF reflexly, c ane 

He has sought in vain to find a center in the cortex of the brain 

' Lo Sperimentale, 52, 283, 1898. 

*C. RK. Soc. de Biol., ele venth atric, 1, oS, May 20, 1899, 
* Arch. Ital. di Biol. Ee St, 1 OO. 

* Zeit. fir al aan 4, 215, 1904. 


* Arch. [tal. i Biol., 2317. 1M. 
* [bial A> nt vi 
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Loss of Excitability in the Spinal Cord in a State of Degeneration.- 


. : 7 : | Pa ee in : yea | F et Silk: We ieee a i . 
Destruction of the motor area in the brain 15 followed within eight days 
hy complete loss of faracic PX tiability ITOM StTImMWATION ci t he inti rr 
] 
i 


i peduncles of the brain. (Vera Norowska Oscherow] 


| - 
CAS OF Of 
| 


expenments upon doge.") 

‘Variations in the Excitability of Motor Nerves.—Nerve-fibers 
undergo changes in excitability when various salts are applied to ther. 
and this change is associated with modifications of structure and color. 
alilit+e. 

Effect of Carbonic Acid.—Waller concludes from his experiments 
that electric reactions in 4 nerve are increased by small and diminished 
by large quantities of carbonic acid. 

fohuminn and proteverairin have many physiologic effects in eom- 
mon, but yohimbin prolongs the refractory phase while protoveratrin 
Increases the electric variation of a nerve which is stimulated. Studies 
with these two substances lead J. Tait? to conclude that the refractory 
period corresponds with the period of electric variation. : 

Poisoning by oxalic acid destroys the faradic excitability of the vagus 
nerve in warm-blooded animals.' 

Loss of Nervous Conductibility from Narcotics.—Gencral anes- 
thesia from ether, chloroform, morphin, chloral, aleohol. or other drugs 
reduces the conducting power of the nerves and may completely abolish 
it. The latter takes place abruptly, having been preceded by a certain 
stage at which the nerve is easily fatigued by strong and frequent 
induced currents. The same changes take place when the narcotic is 
applied directly to the nerve, but F. W. Frohlich and J. Tait® find that, 
owing to its abundant vascularity, the intact nerve is very resistant to 
such mfluences. ‘ 

Local Inexcitability 1 apparently more PASV tt produce br the 
topical application of a narcotic than loss of conductibility. 3 
,_,Nareosis always increases the latent or refractory period intervening 
between the application of a stimulus and the resulting muscular con- 
Traction. 7 

In animals poisoned by curare, nicotin or ether fat ivue from re- 
peated electric stimulation attacks chiefly the peripheral terminations 
of the nerves, while in normal animals it is chiefly the muscular fiber 
itself. 

Cocain has a selective action upon the different fibers of a mixed 
nerve. The sensory filaments are paralyzed before the motor: the 
descending fibers of the pneumogastrie before the ascending; vasi- 
constrictors before vasodilators, and bronchoconstrictors before bronecho- 


dilators. The effect is upon the nerve-fibers, and not like that of curare 
upon the end-plates of the nerye* 


i L'exettahilité electrique l= woes nerveuses ccutral =e | . | 
tralblatt fur Physiol, av, p. 303, July 23, 1910, | Benetencence, Cen 


a Centralblatt f. Physiol., 12. 745, February 4. 120¢ 

ile: fev, 110.103 4: rohlich, Archiv. for experimentalte Pathologic and Pharma- 
* Journal de Physiol. et de P; th.. 1005. 
* Dixon, Jour. of Physiology, 1904, 42 on 








PRITSIOLOT® EFFECTS OF ELECTHICTTY 


Influence of Fatigue on Electric Excitability —J. Joteyko’s experi 
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muscle without circulation, but in an atmosphere of oxveen 
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fi 
excitability only partially, A rapid rhythm exhausts a neal with er 
sore ere ear of Iie meee ne ne eee 

Tae ere : is 15 more lavorable to the muscle with 
CWCuUuAtioOn. 

. Influence of Traction Upon Nervous Excitability—The electric ex- 
citability Or f Herve 1S diminished by traction upon it. differing in this 
respect Irom muscular excitability. 

Electric Response of the Nerve to Two Successive Stimuli — 
Francis (sot ch and J. Burch* have made electrometric measurements 
of a nerve subjected to rapidly repeated stimuli. The nerve does not 
give an electric response to a second stimulus unless there has been a 
sufficient space of time since the first stimulus. This period varies 
with the temperature of the nerve. At 4° C. the smallest interval is 
0.005 second; at 2° C., 0.012 second; and at about 15° C., it is 0.002 
second. 

This has an important bearing in explaining the lack of sensation 
and motion from the application of high-frequency currents, in which 
the impulses occur in opposite directions at intervals of less than 
Looe Second. 

Delay of Electric Response of a Nerve to a Second Stimulus.— 
The greatest delay occurs when the interval between the two electric 
stimuli 1s +5, second.* And S. Levinson has further experimented 
with two electric stimuli, the first producing a marked but not a 
maximal contraction. With intervals varying from 0. to 0.0004 second, 
the two stimuli reénforce each other. Longer intervals result in a 
lesser contraction than if only the second and stronger stimulus were 
applied, and beyond a certain still longer interval the result is the same 
as if only the second were used." 

Effect of Heat and Cold on Nervous Excitability—K. Pretschis- 
tenskaja’ has found that the electric excitability of the vagus nerve 1s 
tolerably uniform, within quite wide limits. It is diminished either 
above or below these limits. Heat or cold does not increase its exctta- 
bility bevond the normal. 

G. Brodie and W. D. Haliburton" have studied the effect of heat 
Upon muscles and nerves. The electric excitability of muscles and 
nerves and their negative variation and other electrophysiologic proper- 
ties disappear at about the temperature of 40° C. in frogs, 47° C. in 


(. KR. Soc. de Biol., eleventh series, 1, 386, May 20, 1590. 
*Skandinavisches Archiv. f. Physiologie, vol. xx, p. 1, 1. 
1G. Weiss, C. R. Soc. de Biol., tenth serics, 6, 108, February 11, 1539. 
* Journal of Physiology, xxiv, 417-426, 1899, 
*P. Gotch, Journal of Physiology, xl, p. 250, 1910. 
* Archiv. fiir dic geeam. thysiologie: exxxl, 267, 1910. 
* Zeit. {. Exp. Path. u. Therapie, 47, 87, p. 97, 1905. 
Physiology, 32, 473, 1905. 
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the circulation intact at 20° to 24° C. muscular excitability was prarcti- 
haustible, but at first there was a slight imecrease in electric 
y, followed by a decrease with a subsequent increase to abou! 


the original height of muscular contraction. This latter 


cally ine 
three-fourths 
height was uniformly maimtaimed for a very long time. Faticue takes 
place when the temperature 1s raised or lowered. It occurs very rapidly 
at O° C., but contractility instantly returns on raising the temperature 
to 20° OC. The same fatigue occurs at 30° C., but there is not the same 
recovery on reducing the iemperature from this level to 20°C. 2 4 
frog which is cut in two to stop the circulation presents similar results 
For instance, at 0" C. it takes only one-half hour for fatigue to reduce 
the electric cy mitractility to Zero. = 
Effects of Cold Upon Speed of Nerve Conduction.—The accepted 
formula is Log. K = a + Mt, a and b being constants for most tempera- 
tures. And at two different temperatures, lo” CC. apart, the ratio ie 
between 1 to2and1to3. Cold, then, greatly slows the transmission of 
nerve impulse. The ratio is similar to that of the effect of cold upon 
ordinary eure demeaee A Hoff’s law), but many experimenters 
CO NOL Tegard it as a purely physical as dictineniched f- oof aya 
Se purely physical as distinguished from vital phe 
Effect of Alternating Currents.—A closing and sometimes also 

an opening contriction takes place when an alternating current of 
medium irequency is turned on or off. = 

: ‘Stimulation of a Muscle Which is Completely Separated from 
the Body.— Mi - Froblich* finds that the effect depends upon the portion 
of the muscle to which the CUrTent 1s applied. The preatest effect 
upon a detached musele is produced when the elect rodeé are applied 
lear the middie of the musele and when the current traverses he lengt h 
eer muscle. The least cffect is produced when both electrodes are 
applied att he distal ext remity of the musele. aie 

! Electric Contractility of Striated Muscle After Death.—J. Bab- 
in= kt finals that the muscles of the face present a phase in which their 
direct xO Lele excitability (elect roche applied tn che: musele) is retained. 
hae direct faracdic excitability and indirect voltaic excitability (cleec- 
trode applicd iu Che nerve) have disappeared. The reaction obt ained 
by direct voltaic stimulation is ACC>CaCC and CaCC>A0C | 

Maneé and Cluzet report the same results in the same journal. 
_ Journal de Physiol. et de Path., 990, 1899. 


‘Arch. f. Experiment. Pathol. u. Pharmacol., 5 S17 
ae l = i : 2 . ~~ oat i aq G2, & ] i 1S. 
"C. R. Soe. de Biol., 1899, eleventh series, 1, 343, May 6, 1899, 





PHYSIOLOGIC EFFECTS OF ELECTRICITY AA] 
Stimulation of Nerves by Electric Currents of Very Brief Duration. 
Lows Lapieque’ finds that the contraction produced by a very brief 
ectne stimulation is exchisively a closure contraction. : 
J. L Hao 
Ty é leetrc Wwe it tay | se 
from stimulation of the nerve, hut 1s itself excitable, BE nigreel 


orwez calls attention to the fact that the musele je not a 


dynamometer, indicating the strength of the nery 


nann’s observation in 1871, that the ureter which is of unstriped n 


eyo. OF MOGLor ners e-fibers, OO VS Lhe = ETT laws of cleet ric exiitahaltts 
ves or muscles w hich are supplied by nerves. Burdon Sanderson’s 
ohservation that curarized muscles obey the same laws of electrie 
stimulation as nerves confirms this fact. Hoorweg considers Weiss's 
aw of electric excitability to be true only of short discharges and that 
is In this case deducible from Hoorweeg's law. He thinks Weise’s 
law leads to error when applied to currents of considerable duration, 
while its simplicity makes it very useful for currents of short duration. 
Lapicque’s correction for currents of short duration seems unsatis- 
factory to Hoorweg, because it assumes an absolute constancy of 
resistance. : 

Tonus Rhythms in Normal Human Muscles.—T. A. Storey? 
provoked a series of contraction in the abductor indicts by a magneto 
electric apparatus, and made tracings which showed the presence of 
tonic contractions analogous to those demonstrated by Jotevko in 
veratrinized frogs’ muscles. The same experiment upon a cat whose 
aejatic nerve had been divided showed that the tome contraction was 
ot peripheral origin. | . 

Apparent Inhibition of Muscular Contraction.—The expenments 
of a number of different observers, including F. B. Hoffman,’ show that 
there are no inhibitory nerves to the voluntary muscles. 

Contraction of Degenerated Muscles When Stimulated by 
Electricity.—G. Guermi’ has experimented upon frogs. Normally, 
a series of identical stimuli at sufficient intervals of time produce con- 
tractions of about the same form and height, but in the case of 
devenerated muscles the contractions are unequal. their excitability 
varving Within wide limits. Normal muscles are More exeitable; 
degenerated muscles present the opposite condition. Finally, m 
dezenerated muscles great frequency of stimulation gives & preter 
contraction at the cessation of the currents than al the beginning 
(opening contraction is greater than closure contraction). 

Drug Effects which Stimulate those of Electricity.— ? he clonic 
and fascicular muscular contractions which are produced by elec- 
trie stimulation of the motor nerve-trunks may be very closely aad 
tated when certam drugs are administered. Hexamin-cobalt patie 
given to frogs. even in very small non-toxic doses, produces this 
etlect* A 

Fs Da Bois-Reymond noted that the central cut end of the eclatle TC 
in si strychninized frog shows 3 negative variation at the moment when 
a convulsion takes place. a 

tC. R. de Biol.,- 55, 314, February 16, 1905.and C. R. Acad. dee Sciences, 
S37. February “). 1004. 
i * Arch. fd gen. Physiol, et Lite 
mir. © ; ry, be, fh, Sar e- 
‘ Biologisches Centraiblatt, 108, 201, 1M. 
. vs] " La, 2. . 
Bek Arch, £ eck Path. u. Pharmacol., 30, 14. 
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Sensation returned in the thumb in 
Ani progressively over 
trophic ulcers healed. Motor 
ad returned in tw here have been more than a 
of such cases, and Pete | States that revenera tion (a cue to the 
prolongation of axis-cylinders from the central into the peripheral 
portion. Sensation returns first. 
- Absence of Inhibitory Nerves in Voluntary Muscles.—There 
are probably no inhibitory nerves to the skeletal muscles—the ordinary 
voluntary muscles. The reduced response tO sccessive stimuli iw 
not due to the stimulation of an Inhibitory nerve, but is a DHenOMenon 
of fatigue. This ts made up very slightly of a reduction in the con- 
ductivity of the nerve, and chiefly of a diminished functional capacity 
of the muscular fibers and a diminished excitability of the terminations 
of the nerve, and of the muscular fibers immediately after each stimuls- 
tion. Later there is a return to the normal. but this takes place the 
more slowly the greater has been the faticue.* 

Speed and Duration of Nervous Stimulation.—The spend of propa- 
gation of a nervous impulse after unipolar stimulation is about 26.43 
meters a second. 

The stimulation produced in the nerve is an oscillatory condition 
lasting about 0.00134 second. 

Excitability of a Nerve at Different Parts of its Length.—Budge 
and Pfluger have noted a diminution of electric excitabilit ¥ toward the 
periphery in motor nerves, but, according to Munk and Schultz. this 
may have been due to traumatic changes. I. Munk and B. Schultz® 
have arrived at the conclusion that the excitability of the phrenic 
nerve is the same throughout its entire e urse. This implies that the 
transportation of nervous Impulse does not consume any sensible amount 
of energy, and hence does not produce appreciable fatigue. 

K. Eiekhoff* found that the excitability of a frog's sciatic nerve is 
the same from top to bottom for abrupt electric stimuli, but it is twice 
a3 great above as below for gradually increasing stimuli. 


REFLEX STIMULATION BY ELECTRICITY 


G. A. Pari’ has studied the relation between the intensity of the 
stimulation and the height of the resulting contraction. Generally, the 
stronger the stimulation of a centripetal nerve ts, the greater number of 
muscles respond reflexly and the stronger is their response. 


N. Uschinsky* has studied the fatiguability of the reflex apparatus 


_ American Journal Medical Sciences, April, 1899. 

1F. B. Hofman, Arch. f. d. gesam. Physiologic, vol. ci, p. 291, 1904. 
Aug. (Charpentier, C. R. Acad dea oc. exxvill, 1690, June 16, 1800. 
‘Tbid., exxix, 38, July 3. 18090. 

my ebn ie Redes 251, 1808. 

en. i. d. get. Physiol, xxvii. 156, 1800. 

7 Arch. Ital. de iol, 42, 109, isou, : 

' Centralbl. f. Physiol, 13, 4, April 1, 1899. 
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Negative Variation from Reflex Stimulation. —Reflex nerve 
aurit is ec nM pAnied b¥ the electric phenomenon ot nepative varia: 
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which 1s propagated from a sensory nerve to a motor nerve, but not 


from a motor to a sensory nerve. Stimulation of the posterior root of 
a spinal nerve produces a negative variation in the anterior root, but 
SLIMULATION OF toe ADDETLOr root does not produce 4 Therative Variation 
in the posterior root. Ince the negative Variation travels through 
sensory or motor nerves In either the physiologic or the contrary direc- 
tion, the conclusion is drawn that it is in the dendritic ramifications that 
the restriction of the reflex electric propagation to the physiologic 
direction takes place. ; = 

The latent period of reflexes is best shown by the time required for 

the appearance of an electric current after the patellar tendon, for 
mstance, has been struck. Paul Hoffmann? finds that this is normally 
about 0.019 second. 
No Reflex Tetanus.—3. Baglioni’ finds that the cord cannot respond 
to repeated stimulation of a sensory nerve by the production of reflex 
tetanus. his is true in the frog, even when the motor.excitability has 
been heightened by the injection of phenol. And as the direct stimula- 
tion of the motor elements may cause tetanus, the difference is solely in 
the sensory cells of the cord, which have a long refractory period of one- 
fourth or one-half second. Sufficiently spaced stimulation of the proxi- 
mal end of the sciatic nerve in a phenolized frog produces reflex con- 
tractions, but if the rapidity of the stimuli is increased, irregular clonic 
reflex contractions may ensue, or there may be simply an initial con- 
traction, followed by a passive condition. ny Se . 

Refiex Elongation of Muscles.—G. A. Part' stimulated the peripheral 
end of the sciatic nerve in a recently decapitated winter frog, and pro- 
duced elongation of the gastrocnemius muscle in the other leg. This 
was generally observed with weak currents. Successive stimuli of the 
same strength sometimes cause reflex elongation and sometimes reflex 
contraction, This is connected with oscillations In the reflex excita- 
bility of the cord. 

C. 5. Sherington and 8. C. Sowton? show by experiments upon a decer- 
ebrate or “spinal” dog or cat that increasing the galvanic or faradic 
current applied to a centripetal or afferent nerve produces not 4 reflex 
contraction, but, on the contrary, a relaxation of the muscles at the 
other extremity of the reflex arc. The same relaxation ensues when 
weak galvanization is changed to weak faradization. The same exper- 
menters show" that just as chloroform reverses the pressor reflex effect of 

t Arch. f. d. ges. Physiol, 73, 374, 15899. 
? Archiv. fir Physiologie, 225, 1910. 

‘ Thid., 4, 113, 1904. 

‘17uit. f, Allee. Physiol. 4,. I27, 1a. = ih ee 
‘Zeit. fir allgorneine Physiclogie,, xu, 454 1911. 
‘ Journal of Physiology, 1911, xlu, 345. 
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stimulation of an afferent nerve, 50 chloroform makes the reflex an inhibt- 
tor one and strychnin a motor one. | sa, 

Stimulation of Antagonistic Muscles.—G. A. Pari and A. [ arini’ 
have mace experiments with electme stimulation, anil they pub ish 
mvoeraphie charts which show that ther is a certain physiologic unity 
muscle and its santagoniat. 


hetween the motor nerves going to 


Such muscles are the gastrocnemius and the anterior muscles of the leg. 


Stimulation of a nerve-center which causes contraction of a given 
muzele causes simultaneous relaxation of Its opposing muscle. 

Leon Asher? has made further studies upon antagonistic nerves, 
using eleetricity il come cases a5 the Means of stimulating the herve= 
CENCCTS. 

Sensory and Other Effects from Stimulation of the Cervical 
Sympathetic.—Ch. A. Frangois-Franck* has made experiments which 
lead to the following conclusions: 

|. Stimulation of the cephalic segment of the cervical sympathetic 
causes vasomotor and cardiac stimulation (increase in blood-pressure 
and more rapid heart action). Hurthle attributed this to cerebral 
anemia, just as in the case of compression of the carotid artery, but 
Francois-Franck says that stimulation of this part of the sympathetic 
sometimes causes the opposite efiect of vasodilatation and slowing of 
the heart's action: and that in ether case it is due to a reflex effect from 
centripetal impulses carried by the sympathetic to the cardiovascular 
centers in the medulla, and not to a direct stimulation of cerebral vaso- 
constrictors, with accompanying cerebral anemia. 

The circulatory effect is the same as that produced by stimulation 
of the anterior crural nerve, but it requires a much stronger current 
than the latter. ; 

2. General circulatory changes are produced by stimulation of the 
medullary segment of the vertebral nerve, the deep division of the 
cervical sympathetic, and these also are of reflex origin. 

3. This transmission of centripetal impulses from the hings and 
other organs. by the sympathetic nerve causes it to be a necessary 
factor in the reflex regulation of the circulatory functions. This is a 
cont raindication to the removal cf the cervical sympathetic, as some- 
times pertormed for the treatment of exophthalmic goiter, epilepsy, 
idiocy, and glaucoma, on the theory that its functions were purely 
centrifugal. 3 

Stimulation of the upper segment of the cervical svmpathetic 
carefully izolated from the pneumorastric may cause diminished tension 
in the aorta, due to multiple vasodilatation, both superficial and deep. 
‘Among the latter effects are active congestion of the opposite lobe of 
the thyroid gland. 

The circulatery effects may, therefore, be either pressor or depressor, 
and the effects upon respiratory, general motor, pupillary, and secretory 
functions also differ in some cases. | 

Phe Aeart is slowed when the stimulation of the evmpathetic produces 
& depressor effect, but more often the effect is a pressor one, and then 
the heart action is either rapid or nonnal. 

. oe del RB. Istitute Vinetto di Scienza, Lettere ad Arti. G4, second part, 929, 

‘feat. f, Exp. Path. u. Therapie, 47, 87, 1905. 

* Journal de Physiol. et de Pathol, 1899, 724. 
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PUCUMIOLASTPIC, and trigeminal nerves, but left the anastomoses with 
the carotid Plexus. Stimulation of the sytnpathetic then produced 
recta, 
Circulatory Changes from Stimulation of the Peripheral End of the 
Cervical Sympathetic—E. Wertheimer and L "the 


vasomotor eiiects without the other reflex ef 
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Fig. 249.—Circulatory effect from stimulation of the peripheral end of the divided 
sympathetic. KR, respiration; P, pulse; E, electrical stimulation (Wertheimer and 
Lepage). 


inferior and the first thoracic or stellate ranclion. Followimg the cutting 
of the sympathetic nerve above this point, there is an irregularity of 
carac rhythm, and this same irreeularity is found when the peripheral 
end of the divided sympathetic is stimulated, and also when the intact 
sympathetic is stimulated. The latter is not so desirable for this 
experiment, because it produces sensory symptoms and requires an 
anesthetic. 

Effect Upon the Pumil from Stimulation of the Sim pathetic.— Lewan- 
dowsky? has experimented upon both warm- and cold-blooded animals. 
He finds that in the former, stimulation of the nerve above or below 
the superior cervical ganglion causes a contraction lasting hve to ten 
seconds, while in cold-blooded animals it lasts very much longer. [he 
museles controlling the size of the pupil are non-striated. The duration 
of contraction if In direct proportion to the strengt h of the current. 
The make discharge from an induction coil either gives no contracnons 
or only short weak ones. The opening discharge gives very much 
stronger contractions. The myographic curve shows an abrupt ascent 
and a much slower descent. 

Vasouseien eae aa the Small Intestine Produced by Stimu- 
lation of the Central End of the Pneumogastric.*- Stimulation of 
the central end of the vagus in dogs produces, In some cases, dilatation 


: Jour. de Physiol. et de Pathol., Sto, p. 2s. 
Arch. of Physiol., 1500, 352. | | ; 
‘i ad. L. Riek: Prnscade gs of the Physiological Society, Journal of Physiol., 
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the intestine. 

In a cat. stimulation cf the ‘agus always causes dilatation of the 
intestinal veasels. accom panied hy a fall in the Pe nera| bloopers Soiree, 

Stimulation of the Pneumogastric and its Motor Effect on the 
Small Intestine.—D. Courtade and J. F. Cyon' find that strong stimu- 
lation of the [eri umogastric Herve im the thorax pnd Wes a contraction 
of the longitudinal muscular fbers which 1s followed by their relaxation. 
and later by a contraction of the circular fibers. This contraction 
differs in character of progress and in ramidity from the effect produced 
by stimulation of the svmpathetue. 

J. L. Bunch? obtains the same results by stimulating the pneumo- 
gastric in the neck. | 

Reflex Vasodilatation from Stimulation of the Sciatic Nerve.— 
I. N. Bystrenine? made experiments on cats and dogs. He found that 
électrization of the sciatic nerve by a current of medium intensity is 
followed by vasoconstriction, while weaker or stronger currents produce 
vasodilatation. ; 

Stimulation of the peripheral end of the sympathetic, at the level 
of the fifth or sixth lumbar vertebra, does not produce vasodilator 
effects, contrary to the opinion of Ostroémov. 

Motor Effects Upon the Stomach from Stimulation of Different 
Nerves.—l]). Courtade and J. F. Cyon* find that: 

lL. Stimulat ion of the intact pneumogastric, or of its peripheral 
end if it is divided, causes contraction of the longitudinal fibers, then of 
the circular fibers, then relaxation of the longitudinal and Isater of 
the circular fibers, and then a period of rest. There mav be a relaxation 
of the circular fibers at the cardia and pylorus, simultaneously with the 
contraction of the longitudinal fibers. : 

2. Stimulation of the peripheral end of the great splanchnic arrests 
peristalsis and at the same time causes tonic contraction of the circular 
hbers, especially at the cardia and pylorus, and also relaxation of the 
longitudinal fibers. 

fhe contractions produced by pneumogastric stimulation are abrupt 
and of short duration, while those from splanchnic stimulation are more 
like changes in the state of tonie contraction of the unstriped muscular 
fibers. | 

Effect of Direct Electrization of the Stomach Upon its Secretory Activity. 
—K. Freund* finds that this does not effect the secretion of gastric juice, 
but only causes a moderately increased mucous secretion, which is more 
or less strongly alkaline. 

Effect of Direct Stimulation of the Heart.—Effect of Intracardiac 
Electrization.—The current from two ordinary voltaic cells and the extra 
current from a small electromagnet, passing between electrodes placed 


'{. K. Soc. de Biol., tenth series, 6, 25, January, 1599, 
* Jour. of Physiol., xxv, 23, 1800. 
th evs. Vestnick, 12, 234. 
‘ Jour. de Physiol. et de Pathol. Gen., 45, 1899. 
Arch. f. Path. Anat. u. Physiol., 180, 238, 1905. 
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s experiments upon different warm-blooded animals? <A 
living rabbit's heart was isolated by Langendorfi's method, and hot 
Ringers solution saturated with oxveen circulated through tts 
coronary arteries. It had its apex in contact with two electrodes 
from an induction coil, giving currents perceptible to the moistened 
finger. The heart was in a condition of lessened vitality and extremely 
sensitive to currents from an induction coil or from a magneto-electric 
machine. Weak or medium currents produce a tetame contraction of 
the ventricles, while the rhythmic contraction of the auricles continues. 
This contraction may be maintained for two and a half mimutes, and is 
followed by a pause succeeded by a very ample systole. Stronger or 
more frequently interrupted currents do not produce as vigorous con- 
traction Or as complete tetanus. It is extremely dificult Eo produce 
tetanus of the heart with the latter in situ and uninjured. It may be 
obtained, however, when the refractory period (or latent period ol 
muscular contraction from eleetric stimulation) is diminished by 
poisons or pathologic changes, or when there is hyperexecitability or 
hv med ynamia. a < 
se Bohme’s experiments’ upon a frog’s heart whose chee =) 
bility has been destroyed by chloral poisoning show that it 1s restobet 
by camphor. a ae ae 
Reperinients by Franz Miller* show that, in a see Sak the 
from tetanus or lock-jaw, there is no electric hyperexcits te oe 
heart. This organ differs from the striated muscles, such a5 0 
hragm, in this regard. . tee wnienned bY 
: Duchesi’s' expaaments upon a frog's heart slowh poisoned by 


Dee ge eta a ne eae eee 
phosphorus show that electric excitability ea espe very are 
well as the heicht of the contracuon produced by : are stimulation, 
The heart may be made to pulsate by direct es “zation of the 
even while it is in a state of arrest from electric te! “periment UpOD 
pheumogastric nerve. M. Stasser" performed an expermne 


| Journal de Physiologie ct de Biologie, 331, LSie. 
t Biologisches Centralblatt, cix, 506, alae 
‘Journal de Physiol. et de Pathol, 1905. 

‘ Arch. ital. de biol., 20d, 252, 17. co 

‘ Arch. internat. de Physiologie, 2,250, 19 
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F. Philips’ has made an experimental study of the fibrillary tremors 
produced in the heart by electricity. He found that Hibrillation of the 
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agree with this statement). He found that as S00n a5 the auricular 
tremor fives place to regular contraction the normal ventricular rhythm 


isresumed. Stimulation of the pneumogastric prevents the occurrence 


1 
L 


of auricular fibrillation from electric st imuli (this contradicts Kr et hep 
and Spalita), and also the disturbing effect of auricular stimulation 
pon the ventricles. 

Miald stipulation of the Deimogastric nnihiis the effect af direct 
stimulation of the hi art, aud causes [he reniricles tn return fn the ir Torna 
rh (time. 

Powerful Stimulation of lhe preunioqasirie arrests Me pulsal Lons of 


fhe heart. 

E. Hedon and T. Arrows* have experimented with electric stimula- 
tion of the isolated myocardiu m or the muscular substance of t 1 heart 
ina living rabbit. The effect is to relax the muscular fibers and to pro- 
long the ensuing diastole. The same effect 1s produced by stimulation 
of a heart poisoned by atropin. Severe n icotin-poisoning in a dog 
Increases the electric excitahilit ¥ of the heart and makes it more per- 
sistent. 

fefier Cardiac Simulation as Modified by Certain Potsens.—Under 
lOrmal cond it Ions, si mulation of most of the sensory nerves leads to nt 
reflex Increase In cardiac enerey. This can be ‘accurately measured 
by noting the mmerease in the blood-pressure in the arteries and its 
reduction in the left auricle. F. Winkler? has found that while stimula- 
lon Of the sciatic nerve in a healthy animal increases the work done by 
the Heart by 364 per cent.. there was an Increase of only 146 ber cent. 
IT the Sore animal] PHO ise mel by musearin (toacd-stool poison ). Sodium 
nitrite still further reduces the reflex cardiac stimulation. or jt may 
even result in a reflex reduction of canliac activity when the sciatic 
herve 13 stimulated. And under the influence of amyl nitrite electric 
stimulation produces a reflex enfeeblement of 45 to 75 per cent. in the 
cardiac activity. It does not slow the tachycardia of amyl nitrite. 
though It does slaw the normal pulse: and it increases the tachveardia 
of sodium nitrite and increases the rapidity of the extremely slow-beating 
heart of MUSCArin-poisoning. i | 

__ Electric Stimulation of a Nerve-center, or of the Spinal Cord, or of 
a Nerve.—This excites the function of the part stimulated. and a mus- 
cular movement or 4 sensation or some other effect is produced. 

Arch. internat. de Physiologic, 2. 27l, 1905, 


* Journal de Physiol. et de Pathol., 1809 
a Zert. f. kin. Med, ob, 13S, 1So8. 
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Lppiiedt to cilerent parts of the cortex of the brain, it has grven ue 
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«ystems, It has decided many problems as to function which were not 
© determined by experimental physiology without the use of elec 
tricity 


rhs 


varying physiologic effects have a direct bearing upon the 
therapeutic use of electricity. 

Stimulation of the olfactory centers in the brain causes the same 
disturbance of respiration that is produced by the inhalation of ammonia 
and similar substances. 
lation has ceased.! 

Electric Stimulation of the Optic Nerve does not Produce the 
Sensation of Light.— This 1s the surprising result of a series of operations 
upon six different human patients in whom the optic nerve was laid 
hare and subjected to electric stimulation. Other stimul, chemical or 
mechanical, gave the same result | 

Electric sensation is quite distinct from that of pressure or heat, 
etc. A tuning-fork may be used to produce vibratory pressure and at 
the same time to transmit to the skin a faradic current for which the 
runing-fork acts as the primary interrupter. The patient should be 
able to tell the difference between the pressure ol the tuning-fork alone 
and when the electric current is added. Arrigo Pamburint a Bie 
structed an apparatus, called the polywsthestoscope, fe rn sneires a ae 
censations of warmth, vibration, pin-prick, and electricity may be teste 
separately or together. 

- Th, 2ehi. Archive Ttal. de Biol., lu, 155, i910. , oe c 

1V. Ducheschi, Archive. ‘fermacologia sperimentale ct scienze affini, x11, 1010. 

: Rivista sperimentali di Freniatri € Medicina legale delice allenaz 3 
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Dyspnea may continue even after the stimu- 
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le upon animals, and have given us an exact Knowledge 


(vi aml of the means required to make safe use of this 


invaluable agency. 
The effects may be anatomic or functional, general or local, and 
may be immediate or may not develop until later. The maximum 


effect is death. 

Lightning-stroke.—The mechanically destructive results seen when 
a tree is struck by lithtning are thoucht to be due to the sudden explo- 
sive expansion of gases. These are generated partly by simple vapornza- 
tion from heating of the fluids in the pores of the wood, and partly by the 
electrolytic decomposition of these fluids. A man struck by lightning 
is not torn into pieces, but the same disruptive effect may Occur anil 
produce gross or microscopic changes. The gross changes occur as 
areas of destructive extravasation in different organs, and upon the 
surface at the places where the electric discharge entered and emerged 
from the body, and constitute the well-known lightning figures which 
have given rise to the most extraordinary theories in the scientific as 
well as in the lay mind. The microscopic effects are of a corresponding 
nature. 

Lightning Figures.—Markings are found upon the surface of a person 
who has been struck by lightning, and these often have a branching 
appearance, suggestive of the trunk and limbs of a tree. 

A thirty-one-year-old man, struck by lightning and thrown to the 
ground, stated that he did not lose consciousness; could not move his 


Fig. 250.—Lightning figures fae a man's hack (Jellinek). 


legs. He was bending over at the time he was struck. The lightning 
figures disappeared in two or three days. The deeper burns of the first 
degree led to a brownish diffuse coloring of the skin, which appeared eight 
days after the injury and became gradually darker. This pigmentation 
was to pe seen as long as three years after the injury. Muscular weak- 
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ion offered in Rockwell's excellent book “(Medical anil 
fy. TGQ) ai hardly he ae hac fat tha srrisaaart 
ihe explanation OF all these cases _ the enrie: 


ties 
Particles of the tree reduced to freat fineness by the eleetricity are 
eet ‘ transported “andl burned In the A The * =e 


: : Our skin. 
therefore, not chemuic, but mechanie and thermic.” 


Phe utter impossibility of this explanation lies in the fact that: it 

eda. bunk that particles from small parts of any individual 

h of the tree, instead of tiving off in all directions inte enace. fv 

Taight tO a part cular Spot the size of a pin-prick on the a at 

HM Patent 5 body. Part icles from a branch four inches thick and 

hiteen feet long would, accordingly, have to reach the body only 4 
a narrow line a few inches long. rine 

The particles formerly supposed to be emitted from the tronk: 
branches, and even individual leaves would certainly produce a ceneral 
blur, particles from each part of the tree affecting the whole surface 
which the particles could reach. There is no suggestion possible of a 
ens-like action in this case. 

The correct explanation of these lightning figures seems to be that 
they are anatomic changes, erythema or extravasation, produced by 
the electric discharge applied at a certam part and extending into the 
deeper tissues or following the superficial tissues along the lines of least 
resistance. The latter lines depend partly upon the place of exit of the 
discharge and partly upon the direction of the blood-channels and other 
paths of comparatively good conductance. Then. agai, the path of 
such « discharge of high-tension electricity starting from a point and 
extending through a medium which is not homogeneous has a natural 
tendency to be radiating and to branch and subdivide. <A static spark 
applied to a photographic plate (pp. 45 and 32) illustrates this tend- 
eney in a beautiful manner. t3 
In some eases the lightning-stroke does not cause branching figures, 
but simply a discolored surface. 

The surface marks in a case of lightning-stroke do not necessarily 
correspond with the severity of the symptoms produced. These depend 
upon the organs which happen to form the conducting path between 
the places of entrance and of exit for the discharge, and may be death, 
loos cf COTS MHI STHESS, deainess, temporary iT permanent paralysis of 
different Parte. | te ‘ 5 

Death from Lightning-stroke.—1 his i generally accompanicd by 
demonstrable lesions in the central nervous system, extravasations of 
blood. and areas of tisaue disintegration. The person is usually rendered 
Unconscious, and may be found without pulse or respiration. He may 
Never show any signs of life or may respond for a w le to ap ropriate 
treatment and still succumb to the paralyzing effect of the shock with or 
witherut special lesions in the respiratory or circulatory centers. 
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ther stimulants may be but it 18 important here, as in every case 
Mg : j ] : | : ‘ as 
n which the circulation has practically ceased, not to give an overdose. 


L | 
li One Were fo continue La rive repented Injections cif strvechnin or 


digitalin because no effect was noted, so much might be eiven that if 
the heart did start up again and carry all these several doses into the 
eirculsation. the patent might he poisoned. Deo it sclminister More 
than the proper total amount of a powerful drug in these cases. even 
li there is no perceptible response to it. The question of the employment 
of electricity as a means of stimulating the diaphragm or the heart may 
be considered in individual cases. 

The Pathologic Effects of Static Electricity.—The hich-tension 
Currents produced by the static electric machines have such small 
quantity that the shocks they give if carelessly handled are Incapable 
or pri ducine serous pathologic lest mS OF &Ven serious SV TO pPLOMmMs. 
While the effect of startling the patient is undesirable. the muscular 
contraction excited by a static spark Is not of a painful character and 
is only momentary. A single static spark does not prodyce any change 
in the tissues, but a number of sparks apphed to the same spot mm a 
continuous stream will produce at first a white swelling of the skin 
from edema and this is followed by redness and in extreme cases by 
vesication and other evidences of a burn. The effect on the tissues is 
purely a local one, and is sometimes produced purposely as a counter- 
iritant. Its accidental production is to be avoided. For instance, in 
applying the wave-current or the static induced current, where one or 
both electrodes are fixed in position upon the skin, it is important that 
there should be a perfect conducting CONTACL. lf there is a place Al 
which the current has to spark across to reach the skin, a slight burn 
will SOT) he produced. 

If a person should accidentally receive the full charge of a static 
machine by touching the two poles at the same time, there would be a 
disagreeable jerk of the arms as they were involuntarily drawn away, but 
no. Serious resylt. | 

The clement of electrolysis need not be conswlered in connection 
with the pathologic effects of the very brief and quantitatively small 
discharges of stat Te electricity, thou gh it is true that they Are unidirec- 
tional and hence do produce a certain small amount of electrolysis. 
Manner in Which Electric Accidents Occur.—The proverbial 

‘ounce of prevention” is all important here. Many lives may be saved 
by the avoidance of dangerous electric contacts. which very often cause 
death or serious injury, in spite of the most skilful treatment, after an 
accident. Pictures by Jellinek, in his “Atlas der Elektropathologie,”’ 
Vienna, 1909, show the many ways in which accidents have actually 
occurred. Ina private house there should be no bare wires or uncovered 
knife switches and the fuses should be in a covered case. When it is 
necessary to handle any such part of the clectric-light circuit, one should 
see that he is not standing in a wet place or upon metal of any kind: he 





direct corent short created; superioal mopreanation of the 
face with particles of metal. The correst should hare been 
to do this work (Jelinek). 


wtnstineg current. S500 +olt Kemcnniilietin aknaut ith burns of the might 
Sennen: the lungs were free. rich in blood, and moist. At the beck of 

- ‘Sere wae & fedidish gray oociular foc empty of ar. The plcura orer 
Menowth; cooly a single washed cut ecchymosis under the right pleura (Jellinek). 


Fig. 252.— A) 
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‘hing an electrically charged surface with one hand and 


rear to Toul . 
making a ground connection at the same time. 
In electric laboratories anal power-houses there are many hare 


Fic. 253.—Alternating current, 5000 volt2. The patient did not immediately henner 
unconscious, but two days later the pulse went up from 106 to 150 and two days after 
that he died from burns of the arms, face, and knee (Jellinek). 


charged surfaces and the currents are often of high tension. The 
attendants should, of course, be instructed im the danger of touching 


Pig. 254.— Alterontirg current, 290 volte. Death with Apperner of symptom of 
aciie edemn of the lungs and lung and heort paralysis. There was a slight mark like o 
cut on the fneo and in front of the ear; otherwise be looked perfectly natural. No other 
Visible marks external or internal. It seemed as ff the cut were made mechanically and 
not by electric current; the hair was not singed (Jellinek). 


any object charged to it high potential and of touching any two charged 
objects or a charged object and any other metallic object. 
It should be the duty of the constructing engineer to provide a plat- 
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form of drv wil covered by a rubber p il, wherever an attendant has to 
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Fig. 955.—Adternating current, 10,000 volts. Death after taking three steps for- 
ward. Burns of the back and the right arm: no postmortem changes to be discovered 


(Jellinek). 


_ Fig. 256.—Direct current, 500 volts. Burns of right and left hands; fell 6 meters, nad 
tiining a fracture of the base of the skull, and was picked up dead. He apparently | 
breathed mapericially for a few minutes (Jelinek). 


is an uninsulated charge surface; and also to provide similar pons 
ducting guard rails. attendant tu ster himself by when working 
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Fig. 253.— Alte rnating current, 4000 volts Burns of the fingers of bene 
ip, wag quickly freed from the Contact, and was able 
mage a eke) recovery. (ell nek’) 
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to walk with assistance. The 


Danger from Ordinary Electric Lights and Telephones.—<n electric 
lamp or a telephone should never be touched with one hand while the 


Fig. 235.—Alternating current. 5000 volts, The currente« 
wWentout at the elbow. Burns at both these Places. He 
Was consrius until the moment later when the current w 
Artificial respiration was steersefully performed and he 


niered at the forearm and 
remembered the OCtLiTence, and 
a4 cut of by an automatic break. 
was able to ee home (Jelinek). 


other hand touches any Water or metal, making a ground connection. 
Jellinek’s pictures (Figs. 251 to 20) show terrible accidents ¢aused in 
this way. It should be a rule not to place an electric light or a telephone 
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wash-stand or bath-tub or anv metal rail or the lke. 
isplactment of one wire or the other in an electric-light 


Fig. 259 —Elevirie engineer. Alternating current, 22) vroits. Right hand reddish- 
brown burn. Eyes only saved by the eye glasses, which were fecked with particles of 
metal burnt into them (Jelinek). 


socket may convert the exposed metal part into a charged surface, giving 
only a disagreeable shock to a person who is insulated, but dangerous 
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Fiz. 260.—Alternating current, 220 volta. Called for help and told them to pull owt 
the contact plug at the wall socket. Left-hand fingers all burned. eight band ace 
no Changes until einteen days later, then flat white necrotic areas. vo other evmptons OF 


lessons (Jellinek). 


to one through whom a ground connection takes place. The same 
danger is liable to occur from the telephone if a telephone and electric 
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wire have become “crossed."" Kubber gloves and the various other 
precautions must be insisted upon in all work upon high-tension wires 


Fig. 261.—Touching electric Lau fe acket with one hand and the metal fixture with the 


other, Vert severe secident. 


fi 


Fig. 262.—Handling electric lamp socket while in the bath. Fatal accident. 


Pathology of Very High-tension Industrial Currents.—The clectric 
transmission of power for long distances is most economically effected | ny 
the use of an alternating current of very high voltage. The power for 
all the streetcar systems of the city of Buffalo is sent from Nissans 
Falls, about fifty miles away, in the form of an alternating current of 
(0.000 volts. The weight, andl consequently the expense, of the copper 
conductors required for the transmission of the required number of 
horse-power in the form of a current of 600 volts would be 100 times as 





ELECTROPATHOLOG? eyed 


The higher tension current 1s, therelore, used for the long-dlis- 
transmission, ad 1s reduced to the utilization tension of Ant volts 
transformers in the city where the power is to be used. 

frension of 60,000 volts is s0 great that it will spark arrose 

1 dezen inches, and the amperage carried by these eqn- 

reat. It means death under most circumstances to 
¢ from one of these conductors, and so they should be 
a way that no one can come near them. 


The Loam 
‘much the same as those produced by lightning: burns 
3 Font ranee 4 ric of exit, and SPCeAaS of disinterration anid ¢Xx= 
travasation in the organs traversed by the current. 


: lf both wires Were 
hed, death would be practically certaim unless the two points of 
sontact were close together and upon the same limb. Even then a terri- 
ble burn would be produced, with probably permanent impairment of 
usefulness In the limb. Ii the man were holding the wire when the cur- 
rent was turned on, muscular contraction would cause the hand to grasp 
the wire with a grip which could not be released voluntarily. — It would 
be practically sure death for any one else to try to release him except 
by promptly turning off the current. 

ef only one wire 1s touched, the current emerges Irom the body at 
the place where a connection 1s made with the ground. And the 
strength of the current traversing the bodv will depend upon the nature 
of this ground connection. A man wearing dry rubber overshoes and 
standing upon a dry wooden floor would recerve less current than if 
he were standing upon a metal floor and had nails im his shoes. Then, 
again, rubber gloves would diminish the strength of the current. But 
with an alternating current of 60,000 volts these would usually all 
fail to prevent a fatal accident. There is probably no way m which 
live wires at this voltage can be safely handled. Death occurs from 
irreparable lesions in the central nervous system paralyzing both 
respiration and circulation. Treatment im accidents with such a volt- 
age is generally unavailing. 

High-tension Currents of 1000 to 10,000 Volts.—These are 
alternating currents employed in power transmission, and accidental 
contact with the conductors is usually fatal. Here, however, the 
tension is so much less than in the case of lightning and of the currents 
of 60,000 volts that many of the circumstances already alluded to may 
prevent a fatal amount of current from traversing the bedy. The 
injuries produced by the full strength of the current passing through 
the body from head to feet are similar to those from lightning or the 
60,000 volts current: burns at the places of contact and areas of 
disintegration and extravasation, especially in the central nervous 
system. Death results from destructive lesions in the circulatory 
and respiratory centers. 

The body may form a complete short circuit between the two wires 
or it may be in contact with only one wire and the ground. — The current 
THASSIn gr through the body from one hand to the other might be fatal, 
but might be recovered from. It has a tendency to produce muscular 
contortions and an involuntary gripping of the wires and respiratory 
or cardise paralysis. Other portions may be traversed by a current 
of this strength, and if means are taken to resuscitate the patient from 
the general shock to the nervous system, recovery may take place with 
Or without permanent impairment of certain muscles of organs. 
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Electracufion.—aAn alternating current of 1700 volts from a dynamo 


applied by means of metal bands passmg around the head and the 
ankles sometimes requires several applications betore life is extinct. 


iy few seconds each and the entire process occupies 


= rants fF = ot Fe 
est aa Ti ohh CRLEEY 2h 


only a verv few minutes. It is probable that complete insensibility is 
produced instantaneously, but involuntary muscular contractions 
and the tact that more than one application is sometimes required 
make it a distressing sight for those whose duty it is to witness it. The 
ditterent elements which prevent a fi ad contact with the bod or Dri 
vide a path for the transmission of the current along the surface of the 
body instead of through it are responsible for occasional unsatisfactory 
results. Death ts due to respiratory paralysis and it is in cases in which 
respiration begins again that additional applications of the current 
are necessary. 

5. Jellinek has written a monograph on death bv electricitv.! m 
which are found pictures of the Pross ard minute lesions occurring in the 
brain, cord, and different viscera. ; 

Death fram High-tension and Low-tension Currents.—High-tension 
currents cause death by respiratory paralysis, low-tension currents 
by cardiac paralysis, if they cause death at all. Thisis true in general, 
but, of course, a current which has a high voltage at the terminals of 
the dvnamo may be =o modified by the circumstances surrounding the 
man who accidently receives it that only a fraction of that voltage = 
applied to his body, and the heart, not the respiration, is paralyzed. 

a Préevost and Gattelli have made many observations upon death 
lberiain aE os. rel found that animals in whom cardiac paralysis 
high-tensinn meaty, Mntension electricity may be resuscitated by 
electrode in ke aonb FS Was done in the Case Ot a dog—one 
Gursénit was aroiten tet < other in the rectum. A ol-volt alternating 
SETI ot pee a : three seconds and produced heart fluttering, a 
sctiiak electrierte & rar rapid unio OT the heart, which is the Way ID 
recovery seems A as bese <a heart and from which spontaneous 
Spilieation of ay plana tae le. A few seconds later, however, the 
chased 8 retin at altemating current of 4800 volts for two seconds 
“nop eaeiiaeg aaah ears | ae action, and the animal's life was saved. 

fee enable experiment to try in the case of a human 

, K Compan nclogie,”* published by Enke, Stuttgart, 19003. 

et de Ts Academic des Sciences," vol. exxviii, exxx: “Journal de 


Physiologie et de P oY eee | 3 
Romande,” 1899, on generale,” 1599, 1900; “Revue medicale de la Suisse 
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»of the probability of producing destructive lesiona in the 
ystern from the passage of a current of such volume as 


tine CUrrent. bh arnaclization rit Fie PnecumMmogastrie 
rile is a means of applying a current of moderately 


fa quantity so small as not to be capable of producing 


niduy of Alfernation to fhe PRystelogec ane Pathologic 
ston Currents.—Industrial currents usually have 
tions a second. and this rate causes the greatest 
organisms. The highest voltages at this rate of 


La 7 . 
lie 1 | 


ternation are so dangerous that even an approach to the conductors 


= 
= 


-hould be cHectively guarded agamst, 550 volts is often deadly and 
a) to 115 volts occasionally so under exceptional circumst ances, 
Alternating discharges are dangerous in proportion to frequency up 
fy 150 a second and become progressively less effective physiologically 
Lovand that frequency. A very much more rapid rate of alternation 
renders the same or even higher voltages harmless; and even deprives 
the current of its Properly of producing sensation or muscular con- 
traction. Tesla, Thomson, d’Arsonval, and others have performed 
experiments in which high-frequency and high potential currents are 
passed through the body in sufficient quantity to hght a l6-candle-p Wer 
imeandescent lamp requiring a current of 4 ampere under ordimary 
conditions. These go to show that alternations above 5000 a second 
lose the ordinary effects of electric currents upon the hving organism. 
And experiments by Prévost and Battelli with machines giving alterna- 
tions all the way up to 1700 a second’ show that the more rapid the rate 
of alternation, the higher is the voltage required to produce death oF 
other path logic results. Of course, “high-frequency whoa Borsh 
of a transcendental order of frequency, consisting perhaps of millons w 
oscillations a second, forming a to-and-fro discharge between the coatings 
of a condenser in the course of which their electr al charges are liberated 
and neutralized. This discharge and these oscillations do not take 
place directly through the patient's body, which forms only a shunt 
circuit for the discharge. ‘The principal path afforded for the current 
in one type of high-frequency apparatus is through the short thick ¥ a 
solenoid. And the fact that any appreciable current passes throne 
the patient meatead of all going through the other much better sas 
ducting path is due to the development of an impeding self-inductance 
in the latter. ith a 
High-frequency currents im the usual strength and with ase 
contact with the electrode produce physiologic effects piven ie ae 
of therapeutic utility. They do not produce pathologie Se aes 
the tissues, They cannot be regarded as dangerous to hant a tion 
the only Leael effect is from sparks. These cause qu ite i sie Sages ra 
and produce the ordinary reflex muscular contraction by whe Ae aE 
causes a limb to be withdrawn from any source of seaeyeae|” s ae 
the like, without waiting for the sensation of pain to eecm the mb 
and a voluntary impulse to be transmitted to the sons e " wed by 
These sparks produce whiteness and swelling of the spa ear a burn 
redness and blistering or ulceration of practically me cacao k which 
ff the sparks fall upon one Spot for tor long iL Lime. The ents Un6n 
may be received from accidental sparking is trivial and the a yhahit in 
} Quoted by Boruttau, but I don't find these figures in the original articles 
the Journal de Physiologie et de Pathologie,” 1599. 
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tissues just described are purely local, and require an application 


atk - Pert 
, They are almost always 


of a number of seconds at a single pomt. 
in destroying cutaneous growths. 


produced purposely, as 


Hich-frequeney Currents applied is a shower of sparks produce, ais 

we have seen, quite a sharp reflex muscular contraction and marked 

thanges, and the same is true when the electrode is applied to a 

Wl point on the surface of the bodv. The high frequency of 

the alternations ts, therefore, not the only element in causing an absence 

of sensation or muscular contraction in a human body, through which 
they pass when large surfaces of contact are employed. 

Condenser Discharges and Their Pathologic Effects.— Holding 
a Leyden jar by the outer coating in one hand, and then touching the 
knob connected with the inner coating with the other hand. one receives 
a spark and shock which ts influenced by the capacity of the Leyden jar 
and the voltage to which it 1 charged. Ay sharp muscular contraction 
of the arms is produced by such an experiment, but no pathologie 
changes. 

Experiments with larger condensers have shown that small animals 
may be killed by a single or by a small number of successive single 
condenser discharges. Priestley, in 1766, killed dogs by the discharge 
from a condenser with 6.5 square meters suriace charged from a static 
machine, cats with 3.5 square meters, and rats with 0.6 «1 juare meter. 
Since that time various experiments and observations have been made 
by Fontana, Lroostwyk and Kragenhoff, Tourdes and Bertin, Richard- 
son, Lazzaretti and Albertoni, and by Dechambre. It is to he fathered 
from their observations that a sufficiently powerful discharge will kill 
small animals and that different lesions occur, such as ecchymosis of 
the pleura or edema of the lungs. 

DY’ Arsonval made a report in ISS7'in a study of the cause of death 
from the industrial use of electricity to the effect that a static d ischarge 
could cause death only when applied dircet ly to the medulla and very 
sharply localized. : 

Prévost and BattellZ have reported a most claborate series of 
experiments upon this subject. 

Fig. “03 shows the arrangement of the apparatus, a 4+cm. Ruhm- 
korff coil being employed and a condenser of adjustable capacity. 

Each plate of the condenser was 

of glass 2 mm. thick, covered on 

each side by 48 square decimeters 

(S00 square inches) of tin-foil, 

and having an uncovered border 

of glass 11 ¢m. (44 inches) wide. 

There were 15 such plates, any 

number of which could be used 

hig sass; TE, ae aS 5 single large condenser, the 

pheerare distance: A, nnimal;'S S metal ¢oPacity being 0.16 microfarad 
teen gm in diameter, one of which is for each plate. 

ake LE nivoet amd Bettellli'. os Spipeneter or spark- 

a =e fap (J) of the Ruhmkonf coil 
tmranhiain distance than the explosive distance (d), which 
e voltage of the discharge to be sent through the animal. 

_ Comptes rendue de |l'Acadamie des sci a 
*" Journal de Physiologie mesa Patholene vol. i, 1899, p. 114. 
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This is to prevent the discharge from taking place across the spintre- 
‘er and through the Ruhmkorff coil instead of through the animal. 
Mita explosive distance (cl). hetween metal balls 2 Ci. In diameter, 


=. | oa a = a i : 
aries secoriing to the Voltage, ao chnoWwo in the following table: 
Thivereeexce oF Porestiay Pe 
TREES Two SRC eek bebe a 


TOS OF A DikMwatre oF Teo 
LEMTIMETERS® ({ Aaitelii), 


frrmeiers, fnches, V oia. 

jin es 1 ck 
o.04 O.O16 2 430 
0.10 0.040 4,510) 

oO.) 0.050 4 44K) 
0.30 0.120 11.40) 
0.40 0. 160 14,400) 
0.50) 0.200 L7, 100 
()i5i) 0.240 Lo St) 
O70 0.20 eamey |b 
0.580 0.320 24 G00 
OOM) Oi) 27 
| 0 O00) 74 LOO 
1.20 0.480 a (OD 


E CPLOSCIT Ee [rs TANCE 


MASSART AND JOUBERT. 
; 49 4S Oa) 
z. o.75 G4 Oa 
4 1.55 75,000 


These ficures are of the greatest interest, and much greater than 
the spark length of equal voliages where the two opposite charges are 
not bound together by a tremendous attraction and separated by 
only the thickness of a piece of glass, as nm a condenser. 

They indicate also that if an ordinary Leyden jar ts charged to a 
potential of 33,000 volts and one end of the insulated discharging rod 
is applied to the outer coating, the discharge will occur when the other 
end of the red is brought within 1.20 cm. of the knob connected with 
the inner coating. : 

The quantity of electricity contained in a charged condenser or given 
out when the condenser is discharged is Q=CV, the capacity multiplied 
by the voltage (C is expressed in microfarads, V in volts, and Q@ in 
mucrocoulombs). 

The work performed in charging a condenzer or performed by the 
discharge of a condenser is W—43CV? or a number of joules equal to 
one-half the capacity in microfarads multiplied by the square of the 
voltage. (One joule=0.102 kilogram meter, or about O51 2005 
Pound.) | 

The experiments of Prévost and Battelli show that the effect of a 
condenser discharge in causing death or other injuries to acels . 

proportional to the number of joules or to 4CV?, not to the Sagres 
of electricity (Q=CV). : 

Accordingly, a single small Leyden jar charged to a certain wOWaES 
will not produce the same effect on an animal as a much larger Leyden 
jar or a large plate condenser charged to the same voltage. The quan- 
tity of electricity (27,132 microcoulombs) in a condenser of 2.65 micro- 
farete acaiee “charged too potential of 11,400 volts 13 greater than 
the quantity (15,510 microcoulombs) in a condenser of 0.47 microf: 
capacity charged to 3300 volts potential. The energy or work (255 
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amnller condenser charged to 33,000 volts 
than the energy (144 joules) 1 
Pavost and Bat 
to a single discharg 
15.5100 mic 
Aion. 
weighing LOCA) 
iF conditions 


' 1 3 = 4 ; : 
to a single discharge under the othe 


f [ | 
12 microcoulombs) and small energy (155 joules), 


hy commenced afain and the animal 


an insulated table, one metal clectrode 
was placed in the mouth and the other in the rectum. The polarity was 


2 ; . Ee . fe ae : 
hihi DOL tO MARS AM ditterence. 
| a I : ] F . = ty ee iE . i an 7 - r r 
he size of LAe animal determines the electric eneéergi) a3 a single con- 
i . . 


r discharge required to produce permanent arrest of respiration and 
Lath. The most pews rful cischaree from ther l-plate condenser 
(S00 square inches in each of the two sets of metal coatings charged to a 
potential of 33,000 volts) failed to kill dogs weighing 6500, TODO, 
S500 grams (14.3, 15.4, and 18.7 pounds). The electric energy appli 
in the condenser discharges were either 1029 or 947 joules. and th 
dogs exhibited no symptoms beyond slight temporary changes in blood- 
DreSssiu'rt. 
tabbits weighing about 2000 grams (4.4 pounds) required 900 or 
1000 joules to produce a fatal result. For instance, a single discharee 
from a condenser of 1.27 microfarads capacity, charged to a potential 
of 29,100 volts, and possessing, therefore, an energy of 549 joules, 
produced clonic convulsions, temporary impairment of respiration: the 
heart beat normally and the animal recovered. Another rabbit sul+ 
jected to a single discharge from a condenser of 2.38 microfarads capacity 
charged to a potential of 29,100 volts, and possessing, therefore, an 
energy of 1029 joules, showed no convulsions, the heart beat feeblv, 
respiration was abolished, and the animal died. . 
_ Young rabbits weighing about 1200 grams required about 300 
joules, and fUuInes-pigs weighing about 250 grams required about 130 
joules, and those weighing 450 grams about 400 joules to arrest per- 
manently the respiration and kill the animal. 
Young animals in general are more susceptible than adult animals. 

Beyond a certain voltare represented by an explosive distance 
of about 1.5 em. (,; inch), more powerful results are better obtained 
by increasing the size of the condenser and, therefore, its capacity 
rather than by increasing the potential or voltage as represented by 
the explozive distance. 

| The effects of condenser discharges Li Px animals are proportional 
to the number of joules (the number of microcoulombs multiplied by 
the Square crt the number of volts), and inversely proportional to the 
size Of the animal. A number of successive discharges will produce a 
cumulative effect, but not so great as the same total of electric energy 
Mm 4 single more powerful discharge. 

_ Phe pathologie effect of a number of condenser discharges in rapid 
tesenppndge | An adult rabbit which would be killed as if by lightning 
ay a single condenser discharge of 947 joules (from a condenser of 
74 microfarads capacity, charged to a potential of 33,000 volta), will 
survive two discharges of 517 joules (from a condenser of 0.95 micro 
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are recognized by Prév 
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- convulsions without much effect on respiration, and rapid 


onic convulsions, momentary arrest of thoracic respiration. 


General inhibition of the nervous system, no convulzions, loss 


refiexes : 


absolute arrest of thoracic respiration. The auricles of 


iten srrested. 


+ Heart an 
5. Complete arrest of the heart: loss of excitability in the unstriped 
musele of the intestine; preservation of the excitability of the striated 
muscles and of the motor nerves. 

The blood-pressure varies according to the severity of the effect. 
In Prévost and Battelli’s first degree of effect the blood-pressure becomes 
slightly hieher after a momentary fall; im the second, third, and fourth 
derrees it generally rises abruptly and remains elevated. In the third 
and fourth degrees there is sometimes a fall of blood-pressure, due to 
fhrillary tremor of the ventricles, which is temporary in these degrees. 
In the Afth devree the heart is unable to reestablish normal pulsations, 
the fibrillary tremor continues changing to complete arrest, and the fall 
in blood-pressure is permanent. There is abolition of the excitability 
of the unstriped muscular fibers supplied by the sympathetic nerves. 

The pathologic lesions are slight, such as congestion with pulmonary 
edema and subpleural ecchymoses. Rigor mortis is pronounced and 
develops early. ay, ! aanlte 

Pathologic Effect of Alternating Currents.—Prévost and Baittelli, 
in studving the different effects of alternating currents on dogs, cats, 
cuinea-pigs, rabbits, and rats, found that the effect of these rhea 
upon the heart was functional dissociation of its movement anc 
production and suppression of fibrillary tremor. The same aera 
in studying the method of death by continuous currents, March 27, 1899, 


found that when a sufficiently strong current was applied, 4 dog bees 
killed by paralysis of the heart, fibnilary tremor, while a guinea-pig 
or rat died from paralysis of respiration. 1 he rabbit presents eee 
tarily a condition of fibrillary tremor of the heart, anc os : he iat 
‘lowing of respiration which reéstablishes itself gradually : Atbariktnk 
mum potential applied in these experiments was Sal) volts. * als experi- 
currents of low tension, up to 120 volts, produced in the ems vies. and 
mented upon by Prévest and Battell (dogs, rabbits, sag Ss ‘ton 
rats) only slight nervous symptoms. The respiration was ORY —— 
porarily affected, and the same was true of general ep Roa : duces & 
A tension of 20 volts with an electrode placed on the pes -hronic 
generalized tetanus with opisthotonos, which is eles = ha head, 
convulsions. When neither unt the electrodes: sp plac | onlied to the 
it requires at least 60 volts. When the electrodes wArne A ia ee 
anterior limbs, the ventricles of the heart present anil that 13 
while the auricles continue to beat. This the same lt. t 

LC. R. Ac. des Sci., March, 3, 1590. 
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hm. Lhe rat never dies, because the tremors 
trization is stopped. In dogs and rumea-pigs 


resmiratorv movements continue for A One Lime, In spite Oo toe Paraivsis 
of the heart. In thie case artificial FeSPIration Could mot be of aah 


service. To produce the fibrillary tremor of the heart requires : 
contact of at least | seeorid with thie electrodes placed pon its hese 


thirhs, or even over the precordial region. Preliminary section 


BG fom, 


| 
] 
‘ 


the DPmeumorastric nerves Nas no influence Over the phenomena of 


willary tremor of the ventricles. “‘ Death by high-tension alternating 
currents from 1200 to 4800 volts, applied to the head and feet. is not 
due to fibrillary tremor of the ventricles of the heart. as in the case of 
low-tension currents. They provoke in all the animals grave troubles 
of the central nervous system and arrest of respiration, loss of sensi- 
bility, profound prostration, gencralized tetanus. loss of reflexes.”’ 
Death is due to respiratory paralysis, the arterial tension undergoing 
considerable elevation, and the ventricles heating rapidly and energet- 
ieally, while the auricles are arrested in diastole. If the respiratory 
paralysis is permanent, the heart gradually fails. 

Currents of medmm voltage, 240 to 600 volts, applied to the head 
and teet, produce in the rat, the guinea-pig, and the rabbit nervous 
troubles, but less grave than those produced with a current of hich 
tension. The heart does not present fibrillary tremor except in the 
rabbit. In the dog, however, fibrillary tremor oceurs and death ensues 
[rom simultaneous cardiac and respiratory paralysis. 

_ Death from the Action of Continuous Electric Currents.—The 
electrodes are placed one in the mouth and the other in the rectum or 
upon the thighs. The positive electrode is most often placed in the 
mouth, but the polarity does not make any difference. The symptoms 
are the same whether the current is produced by dynamos or by 
batteries. Dogs die from paralysis of the heart with a voltage of 
Cron yl) Lo aQ, at the least. while respiration continues for eoveral 
minutes longer. The ventricles present fibrillary tremors while the 
auricles continue to beat. It was consequently useless to practise 
artificial respiration. With the highest voltages employed, 54) volts. 
the heart Was arrested by a single shock, opening and closing of the 
circuit. Respiration was suspended for several seconds and then 
recommenced, but feebly and slowly failed. In guinea-pigs fibrillary 
tremor of the heart was produced by a tension of 100 volts, but the 
heart WEs not completely arrested with less than 1M) or aM) roles. A 
voltage of Say), on the other hand. seldom paral vzes Che heart. Rabbits 
seldom die from cardiae paralysis, the condition of fibrillary tremor 

being only temporary. The same is true of rats. In all the animals 

c.pOrimMented Upon, currents of 550 volts caused arrest of the auricles 

a diastole. this condition continuing for one or two minutes. The 

higher the Voltage, the more pronounced are the effects upon the 

DeCrvous system, except in the ease of convulsions, which are produced 

when the voltage Is about JU, and do not oceur when the potential pe 

raed to 550 volts, and the duration of contact prolonged for two or 

three Seconds, for example. 
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ly Arsonval, having stated’ that the only danger {ri 


nts lay in the shock occurring 
weaken, Prévost and Battellr m: 


' mi continues 
Wien the current was made and 

| “ie experiments to determime the facta. 
ng a direct dynamo current of 550 volts, and having a liquid rheostat 
50) ohms resistance in series with the animal experimented upon, 
the current was turned on and off a number of times without effect of 
ath’ Shitt Li pon the “arinesal, The CHOTMmic resistance of the rheostat 
mables one to tum the current on and off without exciting muscular 

ntraction OF any other symptom. After turning the current on. 
the resistance may be gradually diminished and the current increased 
to anv desired strength without a “‘make”™ shock. 


k = a iz | -~ = F oh 
in this Way that Al 


=| It has been proved 
3 yrillary tremor of the ventricles of the heart may be 
oraluced without any “‘make” shock. The gravity of the functional 
disturbances Of the nervous system 13s also not appreciably modified 
hy the absence of the ““make” shock. 

The Effect of the Presence or Absence of the Break” Shock.— 
Fibrillary tremor oi the ventricles of the heart may occur without the 
‘break’ shock, and may continue and be the cause of death after the 
streneth of the current is gradually reduced to zero by the rheostat, 
the oceurrence of the “break”’’ shock being entirely prevented. With 
low-tension currents, however, which are not strong enough to cause 
fibrillary tremor without the “make’ and “break” shocks, these 
tremors and the resulting cardiac paralysis and death may be produced 
by a break shock. This would be done by turnmg off the current 
abruptly from its full strength mstead of gradually reducmg it by means 
of a rheostat. The “ break ’ shock froma current of 80 volts oreven 30 
volts applied in this way will kill a dog by fbnilary tremor of the 
ventricles of the heart. : 

Action of the Shocks of Opening and Closing the Circuit.— 
With a hich enough tension, 100 volts m the case of guinea-pigs, neither 
the opening nor closing shock is necessary in order to produce hbrillary 
tremor of the heart, but with comparatively low voltages, 70 volts, 
in the case of dogs, the heart contimucs to beat during the passage ol 
the current, while the fibrillary tremor is produced by the shock of 
breaking the current. With currents of high tension, 450 to 550 volts, 
the ventricles of a guinea-pig which had been im a state of fibrillary 
tremor during the passage of the current are caused to recon 
normal contraction by the shock of breaking the current, but if one 
avoids this shock, by gradually reducing the strength of the ore : 
to 0, the paralysis of the heart remains permanent. In the dog, om the 
other hand, the shock of breaking the current does not reestablish ae 
beatines of the heart. and Prevost and Battelli regard it a probable 
that the shock from the 550-volt current Was not sufficient tO ene 
duce that effect. The shocks of making and breaking do not er 
to have a very marked influence upon the occurrence of trounies : 

the nervous centers. but in case of a current of low tension, ne sare 
tion of generalized tetanus is provoked by the shock of breaking the 
Current. | | ee : ther 

Absence of Pathologic Effects from Leyden Jar and ote 
Condenser Discharges in the use of Electrotherapeutic Appears n 
—The eondensers used in bigh-irequency apparatus oS ae 


a 
a Ee ee ee 


LC. R. de l'Aead. des Sciences, April 4, 1SST. 
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hardly be regarded as pathologic. There is no danger of serious results 
mm th ndline ths ur of the AD DAA US, 

History of Death from Electricity.—Grange' was the first to report 
tiro deat! Py tron dvns mo currents. E ila experimented Upon animals, 
“ric consiileresd that hinute hemorrhages In the nVAd ula CouUseée(| respira- 
tory paralysis and death. 

Dy Arsonval's article im ISS was largely theoretic. He stated that 
the discharge from a static machine acted as a local disruptive arent 
and permancntly destroved the tissues attected by wt. This would be 
the case also with lightning-stroke. Dynamo currents. he thought, 
acted in a reflex inhibitory manner upon the nervous centers, and this 
mibihitron mirht he rece ed from them. Death would be attmbuted 
to respiratory paralysis, and the proper treatment would be artificial 
respiration. This will be found to correspond very closely with the 
most recent knowledre of the subject. 

Brown, Kennelly, and Peterson? reported experiments upon one 
horse, two calves, and a number of dogs. Copper wire Wrapped with 
wel cotton Was wound around one fore ler and the opposite hind leg 
of the animal. An alternating current of 160 to S00 volts turned on 
[or a second always caused instant death. A continuous current of 
the same streneth and for the same length of time was not always fatal. 
The usial number of alternations Was of 9 second, sand if this Weald 
increased to 100 or 134 periods a second. death was caused] by a current 
oft lower voltage. 

Tatum? reported experiments upon animals in which death was 
caused by respiratory paralysis. This occurred even when a pre 
liminary section of the vagus had been performed, and also in atro- 
pinized animals. 

Electrocution was adopted in New York State in 1890. An alter- 
nating current of 1500 volts and from 15 to 30 periods a second is used. 
Several seconds’ contact abolishes all sensibility, but the heart continues 
to beat and respiration will reestablish itself unless one or two more 
Sdditional shocks are given. 

: | ~ 

McDonald‘ reports the result of autopsies upon several persons who 
had been electrocuted. Capillary hemorrhages were found in the floor 
of the fourth ventricle and in the third ventricle, but they were not 
Constant. 

Biraud’ made three experiments on rabbits with an alternating 
aren of 2500 volts. It took twelve seconds to stop the beating of 

Curt. 


' Annales d'hygiene et do medicine legale, 1 5, pp. 53 and 303. 
N.Y. Med. Jour. 1899. S55, PP. 53 and 303 
4 Thid., 1800, 

*Tbid., May 14. 193 

* Dhése de Lyon, 1892. 
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Philin Donlin' beheved that the current produced an alteration in 


which cased secondary changes a thie nervous SVsSterm. 


the piece , i 
Rattell efaftes Phat thes Cnine SS ty Ere hlocel have neat heen COnnrmerd 
hy any other observer. 


~ Kratter experimented upon numerous animals of clifferent Species, 
in alternating current. He concluded that death was due te 
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paralysis of ite respiratory center, The NeATL & ACTION fal Ler eradually. 


Different anunals vary in susceptibility. Guinea-pigs and rabbits are 
| pee susceptible than dogs. He submitted rats to 4 Current of 100 rolts. 
cin it required thirty seconds’ contact to kill them. All the other 
animals were subjected to currents of higher tension. He did not find 
any constant lesions, either gross or microscopic, the blood and the 
cells of the nervous system were unchanged. 

Oliver and Bolan* experimented upon dogs and rabbiis with currents 
of 200 volts. There was immediate arrest of the heart. while respiration 
continued until it gradually failed. Thev thourcht that the effect upon 
the heart was a direct one, as it occurred just the same when the Pneumo- 
gastric was divided. The electrodes employed were moistened sponges 
which were applied to the front and hind legs, which had previously 
been shaved. They tried to re-animate the paralyzed heart by various 
methods, but unsuccessiully. 

Corrado’ applied continuous currents of high tension to dogs. The 
animals died immediately, even from very short contacts, and both 
heart and respiration seemed to be instantly paralyzed. 

(All the above observations are quoted more or less in extenso in 
Prevost and Battelli’s excellent monograph upon Death by: Electricity.) 

Battelli* has made the experimental study upon which most of our 
exact knowledge of the subject is based. The electrodes for application 
to the skin were made of copper or zinc, covered with moistened cotton. 
The skin was shaved and the electrode bandaged in place. The mouth 
electrodes, for dogs, consisted of two copper plates placed in the fold 
between the gums and the cheek. Rectal electrodes were made of brass. 

Lhe source of current was the alternating electrie-light circuit, the 
three-wire system, with 240 volts difference in potential between the 
neutral wire and eit her of the others. This current was modified by a 
closed magnetic circuit transformer, giving voltages of 600, 1200, 1800, 
2400, 3600, or 4500). These figures represent the effective voltage, whieh 
we 1/142 the maximum voltage, this formula being true of sinusoidal 
‘Luts in general. To use a current of less than 120 volts, a spiral 
theostat with a resistance of 10 ohms is introduced into the circuit, and 

any (Wo TUIMs are @ mnected with the electrodes. Electric measure- 
fee are made during the experiment by means of the voltmeter, 
‘HS AMperemeter, or milliamperemeter, and Koehlrausch’'s telephonic 
ridge ‘ measure the resistance of the body. Sometimes the contact 
Se oa short aS one-twentieth of A sco Dd, and then the amperemeter 
Fr mi ‘HLamperemeter would not register: but the strength of the current 
could be calculated from the voltage and the electric resistance of the 
animal's body. 


: Modicolegal Sache od sow York, Novem 10. 1880 
- Der Tod-durch Electricitat, Leipzig, — 

i British wledical Journal, J Aner 15, 1SoR. 

4 Archives d'Eleetricite medicale, 1509, p. 5, No. 75. 

. Journal ale Physiol. et cle: Pathol, Gen., LS 
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Destructive Electrolysis.—An electrolytic needle thrust into an Organ 
like the kidney, testis. aT Drain destr MWe thie micre Scope St ructire of the 
Oren. 

Pa thologic Effect of Ele ctricity Upon the Blood.— Under the mnhuence 
of a powerful electric current Rollet has observed a dissolving out of 
the hemoglobin in the red blood-cells, the blood becoming transparent 
and consisting of a clear red liquid in which are suspended colorless and 
perfectly transparent blood-cells. This has heen questioned by Herman 
and ( TeMmer, and must still be considered as unsettle. 

Accidents from Electric-lighting and Power Currents. Fatal acci- 
dents have occurred with alternating currents of as low as 10) Volts. 

As to the amount of these currents passing through the body, abso- 
lute safety requires that it should not exceed 25 ma. ; #0 ma. is often 
dangerous, and 10) ma. is almost always fatal. 

The resistance of the human body to the direct current is about 
7,00) ohms when a bare wire is touched by a finger-t Ip, and 600 ohms 
when a conductor is held in the hand. The same figures are 15,000 
ohms and 200 ohms for the alternating current. 

Rubber gloves are a most uncertain protection.! 

A case of accident from contact with a live wire is recorded by 
N. Jacobson.? The patient was a bi iv twelve years old who took hold 
of a bare wire carrying a current of 6600 volts and oO amperes with his 
left hand. while lt is Supposed that his left foot touched the compan iT 
wire, so that the current was short circuited throu ghhisbody. There was 
Teel exactly a burn, but there ensued an lm pairment of arterial supply, 
either from thrombosis or vasomotor cont raction, and moist gangrene 
set in. The arm and lez had to be amputated fifteen davs after the 
injury. There were no special symptoms of constitutional or visceral 
disturbance, and the boy recovered. 

The wires were carrying a current of four times as many volts, and 
from fifteen to forty-five times as many amperes, as are required for the 
electrocution of criminals. There is this great difference, however. 
that in the case of the criminal care is taken to make a large and perfect 
contact between the shaved and moistened skin of the person and 
unoxKlized surfaces of the metallic conductors, while in this acchlental 
case the wire was exposed to the weather and its surface presumably 
oxklized, and A DOOr conductor. The oren of CONLSEt when ns | wire Ls 
grasped by a boy’s hand is small. and when simply touched by a boy's 
loot, is still smaller, Add to this the resistance of the boy's shoe 
and stocking and the possibility that his foot did not come in contact 
with the WIre, but Was merely Frounded, ane if 15 BaSyV to see that the 
resistance Was so preat that a tension of 6600 would send a very much 
weaker current thr ugh the bov’s body than the 90 amperes which it 
sends through the complete system of conducting wires to which it is 
designed to supply current. 

_ Cases treated by the present author include one in which a telegraph 
lineman Was Injured by ETusping 9 telegraph wire which had become 
eed with the 500-volt trolley current. This happened in midair. 
eerhice hand ea ere Unconscious the Wire burned deeply Inte the palm 
CLL a a oS Tew minutes he fell to the round and fractured 
his femur. He made a good recovery. Another case was that of a 


i ha te — | a et _ cs] ‘ im ane, 
Sinhers’ one. M. Zacon, labor mspector at Cambrai, Hygiene Een. ct appliqué, 
* Buffalo Medical Journal, January, 
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Working Lion the charged Wire in the glrit oe the 
There had been a blinding flash as his hane 
anc the akin of thie hanel anc Wrist WAT LG si roree| ane! 
ihere was a marked reduction in motor Mower in the hand. 
and this took longer to cure than the burn. 

Burns in Electrotherapy. Lhe burn which may be inflicted be 
the flow of 9 current of 1) Ina. for four eco ries. TLS may happen if trw 

CUIrTent is used in ort’s metho cf linesr electrolysis. i= CPr 

t due to the heating effect of the Current. Experiments by 

ane Bellocg! show tint the elevation of LCM perature tor the 

entire surface of contact between the uninsulated Dart of the electrode 

the flesh would be only about 2° F. This rise of LEM perature js 

not enough to redden the mucous membrane or to produce any uncom- 
fortable sensation. 

A similar state of things is found when One COMMS tO Measure the 
amount of an acid or base set free at the surface of the skin by elee- 
trolysis of the liquid which is used to moisten the electrode. In one 
experiment by Lauret and Bellocg an electrode moistened with a 1: 10 Wi) 
solution of caustic potash produced a burning sensation upon the 
operator's forearm which could hardly be borne with a current of 
2 ma. applied for two or three seconds. A calculation shows that only 
i#oo Milligram of potash was set free, not enough In an ordinary chemic 
manner to produce any perceptible effect upon the skin. The effect 
differs with the solutions employed and the exact arrangement. Some 
oi their other experiments upon their own forearms were as follows: 

(Ine electrode consists of a little glass evlinder, open top and bot tom, 
which, when applied to the skin, ean be filled with a liquid. The 
bottom is formed by the patient’s skin. and a wire passes into the liquid 
through A cork at the Cop. Another electrode consists of 4 Porous 
earthenware jar full of liquid into which a wire dips and the bottom of 
which transmits enough moisture to make a good contact with the skin. 
The indiffcrent electrode is always a large flat one covered with moist 
chamois. : 

First Experiment.—Large indifferent positive pole at upper part of 
arm. Negative carbon electrode of ordinary size covered with moist 
chamois. A current of 15 or 16 ma. was required to produce the 
burning sensation described above. Reversing the current, 20) ma. were 
required. | 

Serond Experiment.—T he flass cylinder full of tepid water was used 
for the active electrode, and 10 ma. produced the same burning. __ 

Third Experiment.—The glass cylinder full of a tepid > 45 solution 
of sulphuric acid was used as the active electrode, and the same burning 
required only 2? ma. : 

Fourth Experiment-—The glass cylinder full of yess Solution of 
caustic potash was used as the active electrode, and the same burning 
occurred with a current of 3 ma. | 

Fifth Experiment.—The same acidulated solution was placed in the 

porous jar and used as the active electrode. A current of § ma. produced 
the same burning sensation. i : 

An all the above cases a reversal of the polarity made scarcely any 

difference, 

urns from currents of electrotherapeutic strength are usually due 

Lo bonization, 
» Annales medico-chirurgicales du Centre May 15, 105, 





ELECTRODES 


MATERIALS FOR ELECTRODES 


ELECTRODES FOR SURFACE APPLICATION 


Electrodes for Application to the Skin.—Flectrodes for the appli- 


Ta) , th ey a iy e a Pry rit T rr t EET r age F t | : & ata i 7 oe rad D ry, ® 
cation of the faradie current to the surface of the skin may consist of 


metal cylinders to be held in the hand, OF metal Plates for the feet toy 

rest upon, because the current strength in milliamperes is very small 

and the current is alternating. Both these characteristics tend to 
i 


prevent changes in the skin as the result of contact with the metal. It 
also makes little difference what metal is employed. 

Metallic electrodes may also be used for the application of statje 
electricity and high-frequency currents of either high or low potential. 
The small amperage in the first case and the alternating character of 
the discharge in the case of high-frequency currents prevent electrolytic 
éefiect. Providing the electrode ts in good contact and is of sufficient 
size, no effect is produced upon the skin at the place of contact. 

The conditions are quite different when the galvanic current is used. 
and especially when StLrOnE applications of it sare mace. ‘The Current 
is continuous and unidirectional, and has the strongest tendency to 
produce electrolytic effects in the tissues, even with platinum electrodes, 
which undergo practically no change themselves. Additional changes 


are produced when COpPpDer, Iron, or other corrodible metals are used 48 


electrodes. 
lhe Difference in Polential Between the Electrode and the Skin—The 
general principles for the prevention of these changes, known collectively 
as burns, are that the current density must not be too ereat,—perhaps 
not more than 4 ma. per square em.,—and that the difference in poten- 
tial between the skin and the electrode must not he too great. If the 
difference In potential is LCnD creat, changes are produced in the skin 
which one or two examples from ordinary physical processes may 
wlustrate. In electric lighting there is a difference in potential between 
the LWo Wires Of, Say, L10 volts, anc if these WIres are allowed to touch 
each other, there is a blinding flash, and the metal is melted. vapor- 
This on Wags UD; there is also the danger of setting fire to the building. 
Fahy em Haat the current is tu med off, perhaps automat- 
lord be eins out of a fuse. Contrast this with the effect 
Sahar by_ crossing two bare wires connected with the poles of a 
in potential. Theta ae ertore; having a difference of only 174% volts 
tiny spark when the contact is broken, but n0 


visible effect while the wires | oe 
Soe Sa 7 res actually touch each other and the difference 
in potential is reduced to zero. | aren Sane SUE 


: the Welneli interrupter the two Ww 
me Bierce bi ore contact is made with the liquid, and a differ- 
The dite ee Sh seat even when the electrodes are immersed. 
with which it is “t pecs a vetween the platinum point and the liquid 
from the platinum na; act 18 80 great that the passage of the current 

oe’ Platinum point to the liquid is accompanied by vaporization 


ires have a difference in potential 


372 
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Pence u potential be ‘tween the : skin and the subst tance in co ae 

ei Sponge WEL Wi th P| so113 tion crt Send} liln hic ‘arbonate may be 

used to cover the surface of a metal disk connected with one pole of 
the battery (Fig. 264). The patient's body and the solution then 
orm @ continuous elec Lroly te, and the changes due to elert troly 315 take 
place practically entirely at the surface of contact between the metal 
and the solution of sodium bi carbonate. It is there that there is a great 


mecresse in the resistanee Pncowunte red by the Current. anc it is there 


or Pa 


contact 


that the electromotive force of the battery maintains a ereat difference 


Fig. 24.—Sponge electrode and insulated handle. 


In potential. The effect of electrolysis at that point is seen in the 
corrosion of the metal and i in a dissociation which chemic analysis would 
show to have occurred in the solution. 

All the different electrodes for external use, covered with moistened 
sponge, felt, chamois skin, cloth, clay or kaolim, are based upon this 
principle, 

They all possess another advantage over metal electrodes for 
external use in the fact that the moistened material makes a much 
larger surface of contact with all the interstices of the skin. The current 
is supposed to be largely transmitted through the sweat-elands, most 
of the other parts of the skin being highly resistant to the passage of a 
current. . ‘ 

Cases occur, however, in which the effect of the direct external 
application of a metallic electrode is desired. The treatment of ule crs 
by zinc lonization is an example. The ac tive pe sitive electrode is of 
zine, and is applied directly to the ulcerate d surface, and the caustic 
effect of the Liberated zine ions is beneficial In some canes. E aaa 

Clay Electrodes.—Ordinary modeling clay in a moist soft condition 
may be used to Secure a uniform resistance at all points a contact Ww ith 
the skin, and, what is equally important, a contact without too great 4 
difference in potential. i 

The clay is shaped into a disk of the proper cize, and about 4 inch 
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And a Sheet of aghout one toch less iT ciameter is lec | 

on the side away from the patient and fastened to one of the cond Leting 

(iay electrodes may be used for the indifferent electrode when heavy 

ts Are cmploye 1, as for the destruction of CUILCeTS hy clang trolysis 

or cataphoresis, and for both the indifferent and the active electrode 
when heavy currents are used in the treatment of neuraleia. 

They are much less desirable than kaolin clectrodes from the stancl- 
point of cleanliness. 
Acaolin Electrodes. 
lain are made, should be purchased in powdered form. and sewer up 
in fat bags of crash toweling, so as to make a pad 1 inch thick, and of 
dierent sizes, such as 8 by 12 inches and 14 by 20 inches. The latter 


are for the mdifferent electrode when the heaviest currents are usec. 


Thi material, from which some kinds of porce- 


The Kaolin pads are kept in water, and may be sterilized by boilime if 
they are to be used more than once. The largest sized pad will transmit 
a current of 500 ma. without burning if placed under the patient's back. 
A piece of flexible sheet metal, of the kind known as r-ray foil, 2 
inches less in each diameter, is laid smoothly over the side of the rau] 
away from the patient. A No. 26 insulated copper wire from one 
pele: of the battery or other electric FeEICTALOT has lts end bared anc 
passed through perforations in one corner of the sheet metal. which js 
then wrapped around and securely pinched to the wire. It is wise to 
put a piece of rubber-coated cloth between the bared wire and the 
Kaolim pad. 

f.aolim pads of suitable sizes and shapes are also useful when a heavy 
current is to be passed through the knee-joint. 

Carton electrodes covered with chamois and frequently rinsed in 
pure water to remove electrolytic products may be used on the delicate 
skm of children. 

Electrodes for Application to Mucous Membranes. —There are 
several reasons why these are usually made of metal. They are not 
required to transmit the very heavy cur- 
rents for which large kaolin pads are useful. 
They are used chiefly for currents intended 
sal produce a local effect, which Varies In 
different cases from a mere stimulation to 
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Fig. 265.— Anostoli's bipolar Vaginal electrode. Fig. 266.—Bipolar cutaneous elec- 
trode. 


kaolin pad Saye chen oiten takes the place of the moistened sponge or 
the tissues. This iy ot! applications in preventing electrolysis of 
rectal electrode ca vee ie However, only for the weakest currents. A 
applied to the o, aes pain with ‘current of 5 ma., and « small electrode 
: * BUMS produces Dain and frothing from Faso Ss evolu fon 


In the tissues with a current of 1 or 2 ma. Flectrolysis of the tissues of 
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them. The effect of the current is quite local. ¢) F 
ne general ditfusion. 

Another form of bipolar electrode (Fig. 266) is suitable for externa! 
use. Ome terminal is a mnt. im . tannin: at . ree toate dates 
: 7 mae : : “i = "he * Pat in | he micelle thi He | ring which LOTrms 
the other terminal. Ilhey are 4 inch apart. 

Bipolar electrodes are also made for gal nInopuncture. 


ELECTRODES FOR GALVANOPUNCTURE 


_ A fine needle of platinum or, preferably. iridoplatinum is held 
In an insulated handle as the negative electrode for the electrolrtic 
destruction of superfluous hair (Fig. 267). A fine steel needle with 
some flexibility, like a dental broach, may be used for the same purpose, 
and if so, It Is especially important that it should be connected with 
the negative wire, because of the tron staining of the tissues which would 
result if it were the positive electrode. 

Needle electrodes for the destruction of vaseular and other nevi. 
and of tumors, and for the cure of ancurysms, often have an insulating 
coating of collodion or varnish to prevent action upon the skin and 
limit it to the deeper tissues surrounding the point of the needle. 

Galvanocautery Blades.—These (Fig. 268) are not really electrodes, 
but rather parts of a complete circuit where the resistance to the flow 


Pig. 267.—Needle and handle for galvanopuncture. 


of the current is so great that the conducting material becomes red hot 
or white hot. Platinum is the usual material for this purpose, and a 
strip is used which is very thin and narrow when only a few galvanic 
cells are to be used, as in most operations on the nose and throat, but 
broad and heavy, though only so by comparison, when currents of 50) 
amperes or more are employed in such operations as Bottinrs, upon the 
prostate gland. In some cases the platinum is wound about a poreelain 
POINT. giving an increased surface. 

Brush Electrodes.—These are made of fine brass wire, and are used 
for the application of faradie currents by rubbing the flexible brush 
lightly over the surface (Fig. 269). 

Roller Electrodes.—Metallic cylinders may be rolled OVER the 
Surface in certain applications, particularly of galvanic and static 
electricity. The roller may be monopolar or bipolar (Figs. 270 and 271). 

Glass Vacuum Electrodes.—These are made the subject of special 
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Condenser Electrodes.— T hese also are speech 
Electrode Handles.—These have an ins 


hard robber and «a metallic section, into which one ol 
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cords from the battery ma+ aah on BS . 
ne Dattery Inmay be fastened by means of a thumb-screw. 
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Fig. 269. Faradie brush eleetrode. 


and the electric «e 4: 
® electric connection between the conducting cord and the 


electrode may he made a ' 
7 ~ Ty" Oh ace and broke =e Ae ee . 
of the handle ( Fiz. 273). oken by a Morse key, which forms pert 
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intragastric Electrodes.—These are mi tallie 
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to swallow the electrode (E amhorn). or so stiff that it may he usec to 
push the electrode into the stomach (Boas), or there may be a flexible 


Pig. 272.—Non-interrupting handle for electrodes. 


insulated stem and an additional stiffer one used for introducing the 
electrode, but removed later.! 


Fig. 273.—Interrupting handle for electrodes. 


In every case the metallic electrodes should be protected from direct 
contact with the castric mucous membrane by being enclosed m 4 
perforated shell of ‘hard rubber. 


1 Bassler, Jour. Am. Med. Assoc., May . 1908. 





FLECTRODIAGNOSIS 


Tars consists chiefly in determining the effect of electric stimulation 
Srey joc and of some special organs, and in determining 
the electric resistance of the body. one has a surface of 3 square ce 
The Bee ny appldal the motor pont of the musele wh 
see) Ti shee ‘elect rode is larger and is usually applied at some 
sndifferent part of the body. ‘They Are both thoroughly wet with a 
elution of sodium chlorid or 0! sod lum bicarbonate. eee 
Normal Electric Reactions.—The faradic excitability is more or 
less empirically determined by comparison with the similar acljustment 
ot the Apparatus LO produce muscular contraction In persons whose 


muscles and nerves are In a normal condition. 


af nerves and muscles, AMM 


The galvanic excitability should be such that m most regions with 
the active electrode applied at the motor pomi OF a Inuscle contraction 


takes place at the cathodal closure with 4 to 1 ma.; at the anodal 
closure. with 1 to 2 ma.; at the anodal openmg, with 2 to 24 ma.: 
and at the anodal closure, with 15 ma. The am plitude of these different 
eontractions with the same strength of current 1s expressed by the 


Normal formula: 
Ca C1 C>An Cl C>An O C>Ca OC. 


(The radial nerve and sometimes the median and peroneal give a 
slightly different normal formula, CaCl] C>An OC>AnCIC>Ca0C.) 

Pjliger's Laws—Weak currents give only a closure contraction; 
medium currents give opening and closure contractions; very strong 
currents in the direction of nerve conduction give only closure contrac- 
tions, and in the reverse direction only opening contractions. 

Motor Points ——The illustrations (Plates 1-8) show the positions 
at which the active electrode should be placed in order to produce the 
most effective stimulation of the muscle or motor nerve im question. 
They are based partly upon the studies of Erb, Castex, and Schatzkl, 
and partly upon personal observations. | 

_Some Special Motor Points—The trunk of the facial nerve may be 
stimulated by means of a small electri: ide in the external auditory meatus 
pressing forward and upward. | 

The phrenic nerve may be stimulated with a very small electrode 
placed on the posterior border of the sternomastoid muscle. It pre 
duces a sudden inspiration, with protrusion of the abdomen and 4 
pa rutich al the air PASses through the larvnx. : 

Erb’ s point 18 in the supraclavicular fossa, and its stimulation 
produces simultaneous contraction of the deltoid, biceps, brachialis 
ant wus, anc supinator longus. 7 

he median nerve may be stimulated in the axilla, at the bend of the 
elbow, or at the wrist, between the flexor tendons. 
Electric Resistance of the Body.—lIt is generally a little higher 
ols 
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in Women than In men, being about 1400 or 1500 ohms from one hand to 

the other in women, and 1200 or 1300 in men. This is with hands 

cleansed by washing with soap and water, and plunged in glasses enn- 

taining salt solution at the temperature of the boaly. Holding two 

dry metal clectrodes in the hands, a resistance as high as 100,000 ohms 

may be found in consequence of dryness or greasiness of the skin. and it 
‘ ald var’ with the firmness with which the electrodes were held. 

Increasing the strength of the current reduces the resistance of the 
body. In experiments by Weiss the current was at first § ma. and the 
resistance 1570 ohms; imereasing the current to 10 ma. lowered the 
resistance to 1550 ohms; a still further increase to 23 ma. lowered the 
resistance to 1160 ohms; then a reduction to 10 ma. raised the resistance 
to 1260 ohms; and a final reduction to 6 ma. raised the resistance to 
1340 ohms. 

These figures are partly attributable to the effect of the passare of 
a direct current in reducing the resistance of the body, for the resist- 
ances toward the end of the experiment were less than at first with 
the same strength of current. 

Leduc' does not find that moistening the skin or dilatmg or con- 
tracting its blood-vessels by means of heat or cold has much effect 
upon the resistance, but the profound anemia produced by adre 
nalin decidedly reduces the resistance of the. skin. 

The nature of ions and their degree of saturation as produced by the 
amperage and the voltage of the current do, as a rule, produce variations 
in the resistance. 

Relation Between the Area of the Electrodes and the Electric Resistance 
of the Body.—The area of the surface of contact has quite a decided effect 
upon the electric resistance. With the electrode moistened with a 
solution of sodium chlorid and the skin already saturated with these tons, 
a uniform clectromotive force of 6 volts produces the following num- 
ber of milliamperes of current with different areas of contact. With 
4 suriace of 2 square centimeters the quantity Was Bria ma. 


Surface. Milliamperes. 
4.95 


O centimeters i eee = 
39 Ss ; yeas .. 460 
og ‘a | cpio ert ier ee Se ee 
7 Sy ee aes 125 
4.07 

3.90) 

oda 

3.50 

atc BLD 

.. oO 

2 Ft 

2.78 


i = = 


7 = 


tance varving from 1200 ohms 


These figures correspond to a resis 3 
to 2400) nec depending upon the size of the surface of contact. 


Laws of Stimulation of Nerves.— DuBois-Reymond's faur is pre 
the stimulation is proportional to the variations which occur m Tin 


strength of the current in a certain time, Q=bt. : 
| Areb. d’Electricite med., June 25, 1905. 
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ers Hoorweg; 
Wess) which are based upon the theory that the atre ‘ngih of 
Current ba the pt ITO Tact bn it TOoAT tie re Le 4 Cert Ain 4 Varint erry 


in the stimulation pr duced I} the make and bre 


have devined formulas (Eeaie¢ 


ik of a galvanic ¢ urrt Tit 
according to the rapidity with which the actual make and break are 
accompli shed , ; . : 

With a current of very short duration, such as an isolated i ind: ction 
discharge or the discharge of a onal nser of small e: pacity, the time 
element may be disregar ded in Weiss’s formula. () 15 the quantity of 
electricity necessary to p roduce stimulation. The value of b is iTac= 
tically the milliamper rage of the weakest galvanic current which will 
produce muscular contractions when instantaneously made or closed. 
Then, by means of at -ondenser of known capacity, C, c harged to different 
voltages and discharged, we determme the Voltage, V, necessary to 
produce contraction. The voltage required with the galvanic current 
divided by the amperage gives the resistance R im the cireuit. 

Hoorweg's formula for stimulalion by condenser discharges: 


= 
r 
a 
x -L. - 


C=: 


Mn! 


In this expression V is the voltage to which the condenser of a 
capacity C must be charged, and « and # are coefficients. 

Cluzet finds that 0.2 microcoulomb discharged im a very short time 
(no matter by what means) produces contraction in a normal muscle. 
If a much greater quantity Is required, it indicates hypo-excitability. 
To observe single contractions from isolated induction shocks turn 
k the screw of the faradic interrupter until it will no longer vibrate, 
and make a single contact by touching it with the finger-tip. 

Museles become wasted when paraly zea by organic disease of the 
lower motor seement (anterior cornua of the cord, motor nuclei at the 
base of the brain, neuritis or nerve mjury). Faradic excitability 
becomes reduced or is lost because this form of electricity can produce 
muscular contraction practically only through stimulation of nerve- 
hbers. 

Application of Condenser Discharges for Electrodiagnosis. - = 
A condenser discharge is of such short duration that the resistance of 
the body does not have time materially tochange. It is unidirectional, 
painless, and practically free from electrolysis. These facts make it 
a more exact means of diagnosis than the galvanic current under certain 
conditions. 

Condensers of capacities of from 0.01 to 2 microfarads, or a divisible 
condenser, are required, and also 2 falvanic battery of 30 to 50D cells, 
or the direct 100 to 240 electric-light current may be used. In the 
simplest arrangement the condenser has one armature grounded and 
the other connected with a switch or Morse key, kK (Fig. 274), by 
means of which it*is connected either with one pole of the battery 
or with an electrode applied to the patient. The other pole of the 
battery is grounded. The other electrode applied to the patient & 
aleo grounded. A cell selector enables one to connect any desired 
number of cells in series. Or, if some other source of electricity is 
used, a volt controller is required. And a voltmeter connecting the 
two poles of the battery measures the potential to which the condenser 
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Second position of key K. 
F igr. 274.—Condenser discharges For electrodiagnosis. 
|p ae tok = . = ‘ 
(microfarads), and the first and second voltages, V, and V,, in health. 
Hoorweg designates this normal relation by the equation 


The value of 2 (called the condenser excitability) in normal conditions 
1 from 2 to 5, depending upon the motor point to which the con- 
denser discharge is applied. It is reduced to 0.25 or even 0.07 in trau- 
matic paralysis, and to 0.0006 in complete degeneration of the nerve. _ 

The intensity of the galvanic current required to produce a minimal 
cathodal closure contraction is measured in milliamperes. There 
8 a certain normal relation between this intensity 1 and the condenser 
excitability, which is expressed by the formula 


f= t a, 


#2 is called the cocfficient of extinction, and should be between 1 and 6. 
A better way, shown in Fig. 275, diagrams A, B, and C, is to have 
a double pole switch by means of which the condenser may be first 
charged by connecting the two poles of the battery with the two arma- 
tures of the concenser. Turning the switch the other way disconnects 
the battery from the condenser and connects the two armatures of the 
latter with the patient. No ground connections are required with this 
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Fig. 275.—Double pole ewitch for condenser discharge. 


the other hand, exhausts the excitability, and stronger currents are 
required after it has been used for a time. 

With a charging potential of 100 volts and the resistance of 1000 
ohms, shown by the body with ordinary wet exploring electrodes and 
condensers of different capacities, the following table from Lewis Jones 
shows the duration of dischatge and twelve different degrees of muscular 
excitability: 


No. Caparity, micto Drscharce irn- Capacity, micro | Discharge dura- 
fatal. thon, second. — farsa, thon, secomd. 


—ee ee 
ee 


0.016 1/2400 7 | 0.25 1 / L600 
0.025 1/16000 & - | J +1500 
0.05 1/8000 "all if 1/300 
().02 1/6000 u 1/600 
0.08 1/4800 , ; 1/400 
0.125 1/3200 12 2, 1/200 


2 a = 
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Normal muscles require (1.01 to 0.08: museles with partial reaction 
degeneration, O<.1 to 0.6: and muscles with o mplete resection Of cleger- 
ation, | to 3 or more microfarads at 1W volts to produce contraction. 

Wit! si _Jarger condensers longer waves should he produced. hut 

2 microfarads at 100 wolts produce a cisnagreesable shock. The 
ian for securing a reaction in the most degencrate muscles is to 
vee a charging voltage of 200 or 240) volts. a capacity ot 2 microfarads 
and a resistance of 4000 ohms in series with the patient. It is calculated 
that the duration of the cdischarce is Increased to y'~ second im this Way 
(Lewis Jones). (See also page 307.) 

Abnormal Electric Reactions.—1. Faradic ff iypo-excitahnilify with 
Normal Galranic Formula.—This may be found in old hemiplegia. 
hysteric ps “alysis, Primary myopathies, reHiex amyotrophy from joint 
disease, slight paralyses of rheumatic origin. or from compression or 
infection when the spinal centers are not involved. in slight neuritis, 
in locomotor ataxia, and in sclerosis en plaques. | 

2. Faradie Hypo-ercitahility with Galvanic H Vpo-ercitainlity with 
Vormal Formula.—This occurs in more “ivanced cases of the Same 
Varictics as enumerated in the preceding paragraph. 

+ fFaradic and (ralranic Al iyperercitability.—T his Occurs In recent 
hemiplegia, Little’s disease, infantile hemiplegia, sometimes in chorea, 
at an early stage of locomotor ataxia. in tetanus (more marked with the 
nerve than with the muscle), and in cholemia (more marked with the 
muscle than with the nerve). Galvanic hyperexcitability. 

4. Reaction of Degeneration.—Electric examination in the case of a 
lesion producing degeneration of a motor nerve shows different results 
“ut three different SlLares : fa) Immediately after an Injury tO a motor 
nerve there is faradic and galvanic hyperexcitability of the nerve, with 
faradie and galvanic hypo-excitability of the muscles supplied by it. In 
the course of ten days faradic and galvanic inexcitability have gradually 
developed in the nerve, with faradie hypo-excitability or inexcitability 
and galvanic hyperexcitability in the muscles. (b) After the degeners- 
tion has become established, there is complete faradic and galvanic 
inexcitability of the nerve: faradic inexcitability of the muscle: and 
galvanic hy perexcitability of the muscle, with inversion of the formula 
s0 48 to produce the “reaction of degeneration,"’ “ RD”: 


7 
bE 
i 
—, 


An Cl C>Ca Cl C>An OC>Ua OC. 


This stage gradually changes to one of galvanic hypo-excitability with 
sluggish contractions, but with all the other features the same. (c) li 
recovery is to ensue, a gradual return to normal reactions takes place, 
otherwise there is eradually a complete loss of excitability at the motor 
point, but, excitability at the extremity of the muscle (Remak and 
Doumer’s reaction) remains, until finally the musele dies and all electric 
excitability disappears. = jee 
5. H ypoerciability and Sluggish ( fontractions.— Degeneration Is not 
always complete, and does not always produce even Inversion Of the 
formula. Sometimes hypo-excitability and sluggish contractions are 
the only symptoms upon which the electrodiagnosis of motor nerve 
degeneration is based. | ‘ } 
Interpretation of the Reaction of Degeneration as Described Under 
Headings 4 and 5.—This never occurs in paralysis from a cerebral lesion 
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or from a lesion of the arimal eord which does not involve the anterior 


lt. is strictly a symptom of injury to the motor nerve and the 
: | It 1s found 

rel | myelitis in 

hematomvelia. 

tive parnivsis, “ricl in 

thy, Chareot’s (lisesse, eyvringeo- 


. = c = i ce he 
mvotrophic lateral sclerosis, and in accidental division or 
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honv callus. The reaction of degeneration does 


slow cases of spinal muscular atrophy. Lhere is only : 
ot ralvanic excitabilit VY . 

Eramination jor the Reachan of Is generaiien.—Have the patient 
hold. the positive electrode at some indifferent point and place the 
negative electrode at the Motor Peout of the musele. This active 
electrode should have a small surface, not more than 4 inch in diameter. 


and should be applied with a uniform pressure of about 14 pounds. 
This pressure should not vary while the current is being made and 
broken. The author's diagnostic electrode 1s designed to overcome the 
faults which are present in electrodes where the current is turned on and 
off by the pressure of the same hand that holds the electrode, and by 
uncertainty as to the amount of pressure exerted even when this ti not 
the esse. 

Starting from zero, the galvanic current is eradually increased in 
strength, while the current 1s repeatedly made and broken until a closure 
contraction takes place. The pole-changer is then reversed, connecting 
the exploring electrode with the positive and the indifferent electrode 
with the negative pole. The position of neither electrode is changed, 
nor is the pressure upon the electrode or the rheostat controlling the 
strength of the current changed. If a closure contraction no longer 
occurs, or if it is much weaker than was the negative closure contraction, 
there 1¢ no reaction of degeneration, but if the positive closure con- 
traction equals or exceeds the contraction obtained when the exploring 
electrode was connected with the negative pole, then reaction of de- 
Beneration 1& present. 

Oniy the contraction of the particular muscle under examination is 
to be considered, not any general motion of the limb. 

Slow, sluggish contractions are the most important features of de- 
generation and are sometimes the only change to be discovered. 

6. Phe Reaction of Compression.—This is sometimes found after a imb 
has been constricted by an Esmarch band. There is normal or increased 
faracdic excitability, with galvanic hvperexcitability, and a change m 
the formula making CaQC much stroncer than usual. CaCIC>AnCIC> 
CaQOC> AnOc, i 
7. The Reaction of Fatique.—This means that repeated contractions 
require stronger and stronger currents to produce them. It is only 
rarely observed in such diseases as paralysis of cerebral origin, hem 
plegia irom apoplexy, sciatica, progressive muscular atrophy, anterior 
poliomyelitis, and also in myasthenia. | 
te tacit Mrplonic Reaction.—~This oceurs only. in Thomsen's disease 
Ak eset rm ngs ga : anic hyperexeitability for both the nerve 
Epa eyecageeht ce mar ed change in the form of the contraction. 

galvanic cathodal and anodal closure contractions are nearly equal 
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nie current also. ‘The special phenome 


COSSIVE muscular contractions ts elicited 
whew the p urrents are made and broken at molerately short 
mtervals and are of a strength which would produce only isolated mus. 

sri ant 7 Of health. Repeated muscular eon- 
-ractions, either voluntary or electrically excited, fradually exhaust the 


property of myotonia. 
Oh. i tT, ; | ee i ryt a | bf Ae fl rh | a al l hits occ urs in mult iple | PUTritis 

i ws ~ 5 =i es | =. 2 pe o as 

showing an mcrease Mm Contraction UnGer Intermittent eathodal stim- 


ulation and a diminished contraction when the anode is the active 
electrode. 

Rich’s Reaction.—When this is present, the cathodal closure con- 
traction and the cathodal opening contraction tend to become equal to 
the anodal opening contraction, whereas, normally, the latter requires 
about ten times as strong 2 current as the former. This reaction seems 
to indicate insufficient blood-supply to the nerve, but it is not alwavs 
possible to tell the exact cause of this condition. 

Remak and Doumer’s Reaction.—Ths 15 a condition in which the 
muscle contracts more readily to a current applied near its extremity or 
nesr its tendon than to one applied ti its Motor point. > 

This reaction appears very promptly—within one, two, or three days 
after the injury to the nerve—and may be found in some cases which 
do not show Erb’s reaction of degeneration. In the latter cases the wrong 
diagnosis would be made if the exammation at an carly stage of the case 
were made by stimulation of the motor point alone, for the muscular 
response there may be as good as normally. 

In the case of a long-standing complete injury to a motor nerve all 
muscular contractility to stimulation at the motor point may be lost, 
and so Erb’s reaction of degeneration could not be obtamed. No 
response taking place, it would be impossible to say whether or not there 
Was inversion of the normal formula. In some cases, however, even a 
year or more after a completely paralyzing lesion of the nerve, Re mak and 
Doumer’s reaction may be obtained (contraction from the application to 
the extremity of a muscle of a current which will not produce a contrac- 
tion when applied to the motor point). Remak and Doumer's reaction 
is more marked at the anodal closure contraction than at the cathodal 
closure contraction. 

_ Electrodiagnosis in Eye Diseases.—It has been known for a long 
time that the passage of electric currents through the eye would occasion 
luminous sensations, and that the making and breaking of the eurrent 
and changes in its intensity were especially productive of these sensa- 
tions. several observers—Ritter, Purkinje, Burnham, Muller, Benedict, 
Althaus, and La Grow, among others—have studied this effect. The 
color and shape of the luminous subjective image have varied so greatly 
under similar conditions that it is probable that they are different m 
different individuals. It is supposed that there is no direct connection 
between the strength of the current and the color and intensity of thie 
luminous image. The luminosity is quite certainly not excited by 
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itself, Currents which pass between elec- 


electrification of the brain itse 1 
d at the two sides of the head do not produce any sensation 
VLEET TI it has bec proved that such Currents, eV ei it as mPa 
ere, go actunily traverse the brain substanee. ( urrenta 
temples, however, do sometimes produce luminous 

it ems probable that these currents traverse the eve or 

‘e In part A long series of observations by different men 
t the sensation of color and light 1s due chiefly to excite- 


t partly also to the excitement of the optic nerve. 
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ment of the retina, bu 


It will take place, for instance, after the eyeball has been removed. 
The strength of the current required to produce this visual sensation js 
very slight in the healthy eve. Placing the negative electrode upon the 
temple and the positive electrode upon the upper evelid, a current of only 
7; milliampere, or sometimes only yy milliampere, is sufficient to 
excite a visual sensation in the eye. After removal of the eychall, 
however, a Stronger current [x required to produce the effert. In one 
ease tested cight days after enucleation a current of 1 milliampere was 
required ; in another case one year after enucleation 1,5, milliamperes were 
required, and in one case, five years after enucleation. 3 milliamperes, 
and another, ten years after enucleation, 5 milliamperes. In the latter 
ease, however, the perception of light was noticed in the sound eye: 
evidently the current had penet rated through to the healthy eve. Differ- 
ent diseases of the eye cause variations in the luminous sensations pro- 
duced by electricity. Opacities and similar abnormalities of the refract- 
ing media do not result in any abnormal reaction to elect ricity, but 
most changes in the optic nerve and in the retina do result in very great 
Impairment of this reaction. It may, therefore, be used as a delicate 
means of diagnosis. The most exact way of applying this test is based 
upon the secondary reaction. This is a light independent of the colored 
luminous image, and is manifest at the making and breaking of the cur- 
rent, and is produced even when the current is too weak ta cause the 
colored luminous image. “In testing this secondary reaction the intensity 
of the current is increased until one has produced the primary luminous 
mage—the primary reaction. After this the current is progressively 
reduced until it becomes so weak that the ma king of the current still 
produces a sensation of lirht, but the breaking of the current no longer 
produces any luminous phenomenon. This ne the minimum current which 
Darier calls the Seon 5 ry reaction, and in 8 great many observations it 
een found that this secondary reaction in a healthy subject is very- 
uniorm—that it is almost always between j', and zs milliampere. 
In the case of advanced diabetic retinitis with papillary atrophy the 
secondary reaction requires 4a current of at Jessi +; milliampere. 
sve Same increase in the current required is noticed in cases of old 
hysteric amaurosis, and eves which have become practically blind from 
disuse in consequence of strabismus. As a means of diagnosis it is 
haere of course, to the intelligence and Imagination of the patient, 
but this is also true of the measurement of the visual field. It is of 
experimental rather than practical interest. 
_ Electrodiagnosis in Ear Diseases. This is largely a matter of 
the production of sensations of noise produced by electric stimulation 
(page 454), and also of the production of vertigo by galvanization. 
It may often decide between « neuropathic and an organic lesion; also 
the seat and importance of the lesion. Ear lesions often ceca Ake 





ELECTRODLAGNOSIS aa 


cular sound due to faradization to be more distinctly heard than in 
Ormial ears. 

Voltaic Vertigo.— This is a condition producing certain subjective 
nd objective symptoms, ecausecl by the application of a constant of 
lvani current trom lectrodes lL cm. in ciameter, placed one ih 
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upon which the positive pole is placed. This symptom was first noted 
hy Babinski, who has also found that a rotation of the head toward the 
same side may be produced by applying the electrodes in a special Way. 

The condition 1s produced normally by 4 current of 2 to 4 ma.. 
while in some diseased conditions of the labyrinth or of some other 
part of the internal ear, or an abnormal condition of the cerebrospinal 
fluid, it may require a current of 10 or 15 ma. In some cases of bilateral 
disease voltaic vertigo cannot be produced at all. If the head will 
incline toward one side and not toward the other when the polarnty 
is changed, this fact shows that the lesion ts unilateral. 

The condition is of diagnostic value in determining whether deafness 
after an accident is due to hysteria or malingering or to an actual deep 
lesion of the ear. Other cases of deafness and of Méniére’s disease, 
and of intracranial tumors and of hypertension of the cerebrospinal 
fluid. cause modifications of voltaic vertigo which aré an important aid 
in disenosis. 

An organic lesion of one internal ear causes inclination toward that 
side, no matter what the direction of the current. | 

Faradic Contractions in Myasthenia.—Normally, the myograph 
shows that the muscle remains uniformly contracted as long as the 
influence of a faradic current is applied, or at any rate for a considerable 
length of time. Fatigue does not begin fora longtime. In myasthenia 
there is a steady fall almost from the bezimming. The flexor of the 
middle fineer is a desirable muscle for this test, and marked abnormality 
is found in alcoholism, pellagra, general paralysis, dementia priecox, 
senile dementia, neurasthenia, and epilepsy. Tracings 10 these condi- 
tions have been published by Pariani.' 

Electrodiagnosis in Alcoholic Peripheral Neuritis.—There may 
be motor troubles, with or without the reaction of degeneration. In 
the first class of cases faradic excitability is a little diminished, and so 
is galvanic excitability: but there are no qualitative changes, though 
there is hypersensitiveness of the skin to both currents. Cases with 
reaction of dereneration are quite rare. — =e | 

Alcoholic cases without motor troubles present practically normal 
electric reactions. A 

Detection of Malingering or Hysteria in Paralysis after Injury- 
—The fact that voluntary motion returns sooner than normal electric 
reactions after a nerve injury is extremely important. Ins casein which 
paralysis and the reaction of degeneration have followed an injury oF ® 
disease, the return of faradic excitability without the return of voluntary 

movement is considered proof of malingering or hysteria. 
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MEDICAL ELECTRICITY AND RONTGEN HATS 


Record of Electrodiagnostic Examination.—This should state 


na oalvanic exeitabilll tive changes in the «ame 


Left 


th cm Farace excitability 

1. w i 7 ia 

1S me a kore “5. a ey | Lee 
ae Galvanic excitability « | 

[:3 - j Apece 


UATE Chinese, none 


lf the faradic coil has an adjustable number of turns in the secondary 
coil and rate of vibration in the interrupter, these should be stated. 
They should normally be the same for both sides. 

Various rraphic charts have been devised, but the simple written 
record is excellent, especially if supplemented by a note to the effect. 
for Instance, that the “galvanic and faradic excitability are both reduced. 
and there is a slowness of contraction, but no inversion of the normal 
formula. 

lf the Leduc apparatus is used, the number of interruptions per 
minute and the fraction of cach period during which the current flows 
should be stated. and also the smallest number of milliamperes which 
CAUSES CONTTACTION. 

lf a condenser is used, its capacity should be recorded, and also the 
voltage to which it must be charged, so that isolated discharges will 
produce contraction; also the voltage which will produce tetanus from 
rapidly repeated discharges. 

The Electric Resistance of the Urine and of the Blood.— 
The normal resistance of the urine at 65° F. in a U-shaped electrolytic 
tube is about 45 ohms. The ereater the percentage of chlorids, phos- 
phates, sulphates, and other salts, the less is the resistance. The 
electric resistance 18 unnaturally great in pneumonia, diabetes. acute 
Or ehronie Bright's disease, and pernicious anemia. This means in- 
sufficient function on the part of the glomeruli of the kidneys. 

The normal resistance of the blood is 934 ohms when measured 
by Dawson Purner’s method.’ Five cubic millimeters of freshly drawn 
blood are placed between two cup-shaped electrodes 3 mm. in diameter, 
which are covered with spongy platinum and fixed at a distance of 75 mm. 
Phe elect ric resistance of the blood may vary in health from 85 to 130 
ohms. The red-blood cells are nen-conductors, and the more abundant 
they are, the greater is the resistance. The saline constituents, especially 
sodium chlorid, are good conductors, and the more abundant they are 
the less is the electric resistance. : 

The electric resistance of the blood-cells and of other cells is measured 
by a method proposed by Nernst. The resistance of a liquid is first 
measured and then blood-cells are added to the liquid in a certain pro- 
portion and the resistance again measured. 

Rudolf Hober finds that the blood-cells have a conductibility equal 
to that of a decinormal solution of potassium chlorid, while the entire 
blood has a very much greater resistance 


' British Medical Journal, July 28, 1906. 
iv. fir die gesam. Physiol., exxxiii, 237, 1010, 
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resistance of the lymph is regularly less than that of 
Ser TIN 


‘he electric conductivity of the human saliva undergoes daily 
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bons which show That it contains tonimabls 
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rising, then reduced, not much influenced by light repasts, but decided), 


The electric conductivity of cows’ milk is about 48.7, LO-*| and it has 
been suggested by Rinaldo Binaghi as a test for adulteration. a 

Phe He morenal Invdex.—This is the quotient obtained hh dividing 

electric resistance of the blood by that of the urine, and it vuries 

nally between 2 and 3, the average being a = 2.08. 

An inerease in the hemorenal index means a diminution in the salts 
in the blood, or an increase of those in the urine, or both. This 13 
sometimes found im chronic rheumatism. 

A diminished hemorenal mdex, such as JES of blood, 5] = 
Resistance of urine. 115 
0.44, was found in acase of pernicious anemia. It indicates inability of 
the glomeruli to transmit salts from the blood to the urine to a sufficient 
extent. It explams the danger that accompanies z-ray exposures 
in pernicious anemia, which throw increased excretory work upon kid- 
nevs already deficient. 


PROGNOSIS BASED ON ELECTRODIAGNOSIS 


When electrodiagnosis and other means show that the paralysis is 
due to a cerebral or a spinal-cord lesion, the prognosis depends upon 
the nature of the lesion more than upon the electric reactions. It ts 
In the case of peripheral nerve lesions that the most valuable prognostic 
knowledge may be obtained from electrodiagnosis. A case of facial 
paralysis from exposure or rheumatism may show a continuance of 
normal electric reactions, and if so, recovery may be expected in about 
three weeks, or there may be galvanic and faradic hypo-excitability, 
meaning that recovery will take two or three months. The presence of 
the reaction of deceneration in such a case indicates a probable duration 
of six months, with a possibility of permanent paralysis. Lesions 0! 
other peripheral nerves are judged in a similar way. 

Complete loss of nerve excitability, with greatly increased ealvanic 
muscular excitability, with sluggish contractions, indicates a severe 
degenerative process. The possibility of some regeneration remains, 
however, as long as any electric excitability is present, but if a year passes 
without return of faradic excitability, and if the muscular atrophy has 
been rapid and great, only slight improvement can ever be hoped for. ’ 

With an aeute lesion and loss of faradic excitability imside of a week 
or ten days considerable atrophy will follow, and the motor power will 
be slow to return. } os . 

If two or three weeks pass before faradic excitability disappear, 
the paralysis will last many months, but there will be less atrophy. 

lf faradic execitabilit y remains normal or it but slightly reduced, 
recovery will begin in a few weeks or months, and will probably be 
complete. : 

; Fpscroreity Amer. Jour. of Ph lato EY) ah 

, Bicchents alg ea ek Sa ch lgemcinen. Pathol., xxix, 60-79, 1910. 
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IONIC MEDICATION BY ELECTROLYSIS 
rent may be made to carry medicinal substances mto 
sufficient extent 

‘Ls. The pu mITive | 

e because it 18 renerally convenient to use a solution of 

f a basic medicinal substance. When ul salt is decomposed 

sat the 1ons representing the base travel into the body on 

he cathode, and the application is known as cataphoresis. 
t: basic ionizations are manifested chiefly in the tissues 
¢ in the liquid with which the negative electrode is moistened. 


to produce certain physiologic and 


electrode ww usually selected for 


a a 
4 a Poe oe 
ee ee 


It is casily demonstrated that particles of a substance may pass entirely 


throuch the body, so as to be found on the surface ol the opposite elec- 
trode from the one originally moistened with it. It 1s not at all certain, 
however, that particles of the substance exert any mfluence upon the 
Sdeeper tissues through which they are transmitted. The effect seems 
Pto be due to the liberation of an element or a radicle in a nascent state 
from the solution in which the electrode 1s montened: and ft Is an im- 
Pmediate effect upon the first tissues subjected to it. The ions are 
Ptransmitted through the deeper tissues in a condition in which they gen- 
erally do not form combinations with the substances making up these tis- 
isues, or with ions traveling in the opposite direction. The two substances 
fin the latter case may have the strongest possible affinity for each other. 
fand still show no chemic combination except at the two poles. The 
same foree called electrolysis, which is strong enough to dissociate ele- 
pments which can be separated in hard! y any other way, is operative in 
plargely preventing anything but a local effect as the direct result of 
selectric ionic medication. 

Merely dissolving a substance in water converts a considerable part 
pot Li nto ions. lonie medicalion 1S. therefore. not a speciic enouch teri 
pin itself to indicate the subject of this paragraph. > 
| Leduc" has summarized our previous knowledge of the subject of the 
pelectric introduction of medicines, and has added many valuable obser- 

Vations of his own. x 
It has long been known that electrolysis takes place at any point of 
| COntaAct between the skin and an electrode which 1s 4 much better con- 
Cuctlor’ that the primary effect at the anode is to liberate chlorin. from 
the sodium ehlorid of which the conducting portion of the body is 
| practicall ya solution, and oxygen, from the water in which it is dissolved. 
lhe chlorin is liberated at the positive electrode, which it attacks, and 
f VRE the metal or other base is formed. A continuation 
Lor other os ate re me ee ie metal and carries metallic 
Dereahy cork Titan a oe) sees . ule the See and ory een attack 
where sodium and hy dr open gio rene! ob eee oes on at the | athode 
ae > DDG , and immediately combine 


Tons et Medication ionique, Paris, LOOT. 
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Experiments in Cataphoresis.—S. Sal 


heh aS performed the 


* fi 
Lh 


iollowing experiment with a view to arresting and fixing in the 


: LISSuUeSs Lhe 
ions Which are carried there by a galvanic current: Four classes A BR 

1 7 = ar i Bis + E - ' i 7 5 its # 
C, and D (Pig. 276) are placed in series. The positive electrode of a 
malvanic battery dips into A, which contains a solution of nitrate of silver 


ass is in electric connection by means of a strand of cotton mesh 


with EB. which contams a solution of sculium nitrate. 


( also contains 
exlium nitrate olution and is connected by a cotton mesh with D, which 
contains a solution of sodium hyposulphite. B and C are connected 
by a tube containing a dog's sciatic nerve immersed in oil. <A current 
of 12 ma. passing steadily for twenty-four hours will produce a precipi- 
tate of silver in several centimeters of the length of the nerve at the end 


Tube containing 
scigtic pberve im- 
Cotton cord. meruad in eal. Cotten ford. 


Fig. 276.—Fixation of jong in the tiseuwe after cataphoresi. 


nearest the anode. The precipitate is found exclusively in the myelin 
of the nerve-tubules. 

Another experiment by Leduc consists in having two rabbits sepa- 
rated by absorbent cotton wet with potasstum cyanid; the rabbit 
connected with the anode is poisoned. But 1f the cotton were wet with 
strychnin hydrochlorate, the rabbit connected with the cathode would 
be poisoned. 

In an oral communication to the author Dr. G. Betton Massev states 
that a piece of raw meat to which a galvanic current is applied through 
electrodes of amalgamated zine (zine dipped i acid and then in metallic 
mercury) will show a gray discoloration, indicating a transportavon 
and deposit of metallic mercury. | 

Rate of Transportation of Ions.—It is important to remember 
that the rate of passage of the electric current, about the same as that of 
light, is a very different thing from the speed at which ions move through 
the same electrolyte. Different ions move at fixed rates of speed, which 
for each ion increase with the electromotive foree which drives it, an 
8 diminished with the leneth of electrolyte through which the current 
has to pass. Kohlrausch gives the following as the rate of speed when 


arch. Ital. de Biologic, vol. xlit, 35, gts. 





a A : 
CCMLUIMNETLEr Of [Ent Oi 


LTO cm. per | 
~ Ad 


Cerebral Effects of Medicinal Electrolysis —Gautrelet ' has tested 
effect of the strong currents used in electrolysis near the head. 


the positive Chor t roe with iL Suir ot 11M) Square centimeters 


ote 
, } = i= ' ¥ 1 Se oe 7 ee ee = i: 
l to a rabbit's ear, while the mdifferent electrode is applied ts 


I 
ih, a current of 3 ow. The effects produced 
are of two kinds: an early effect, due to the electric current itself, and 
always seen, regardless of the nature of the electrolyte used to moisten 
the electrode, and | later efiect,, which [s sometimes oT) When ste h 4 
substance ax strychnin is used for the electrolyte. The effects directly 
due to the current are at first Symptoms of peripheral irritation of the 
trigeminal nerves, movements of the face and of the eves, and an in- 
crease of the sensibility of that region. There is a stimulation of the 
cerebellum, causing movement of the opposite paw; and bulbar stimuls- 
fon. causing a change of the cardiac and respiratory rhythms and in- 
creased frequency of respiration; and a stimulation of the medulla. pro- 
ducing contractions of a good many different muscles. These phenomena 
of stimulation amount to epileptic convulsions in the course of fifteen or 
twenty minutes, the convulsions being at first tonic and subsequently 
clonic. The eyes protrude, the pupils are dilated, the heart beats fast. 
At a subsequent stage paralytic symptoms develop, the corneal reflex 
on the opposite side from the anode gradually becomes abolished: 
spontancous movements cease, and movements of the nostril and face 
on the same side are abolished; the face is drawn toward the opposite 
side. No reflex occurs from a pin-prick; sensibility disappears from the 
face and all parts of the body. In these experiments an application of 
about one and one-half hours was required to induce a general paralytic 
condition, which was usually but not always recovered from, a small 
proportion of the animals dying. | 
A very different result takes place when the circulation in the ear 
is restricted by a clamp applied to the base of the ear: in a very few 
minutes the heart becomes regular. respiration very rapid, and paralytic 
phenomena are observed, especially Cheyne-Stokes respiration. Death 
ensucs in about an hour from asphyxia, the blood being found black 
and containing unreduced hemoglobin. In this experiment few if any 
symptoms of stimulation, and scarcely any convulsive movements, occur. 
If a substance, such as stryvchnin, is used, its special effects become 
apparent after a much longer time than the effects directly due to the 
current. If the circulation in the ear is not impeded, the characteristic 
strychnin convulsions take place after fifty minutes’ application, and 
the animal dies almost immediately. When the circulation is cut off, 
the strychnin symptoms do not occur even after the cessation of the cur- 
rent or of the direct results of the current: but if the clamp is removed 
before the animal dies, the characteristic symptoms of strychnin-poison- 
ing develop a few hours or a day later. Of course, in the latter case 
the current was stopped entirely after the application of three-quarters 
of an hour. 
' Arch. d'Elec. med., July 10, 1907. 
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Distinction Between Electric [onic Medication and Other [onic 

Medication. ViEsolving any substance pre Lees certain nun her 

fjons of that substar robable that all medication depends 
thd clit Peri substances. 


AUC TIO Ibo Lin had bY means of an electric etirrent, 
The Author's Technic for Electric lonic Me 

this used (p. 424). 
, um bi hon 


i Ler n= 


| dication.—A four-cel] 
Three of the shallow ¢lass Lrayvs coni an i 


rk oly lon 
ate. and the fourth tray a solution of the medicine to he 
[he electrode in each tray is a carbon plate, and t= covered 


or 
PL be 


of indurated hber and felt. Another plece of felt 1s wrapped 
the part at which the medicine is to be introduced, and the 
whole is dipped into the tray containing the medicated solution. This 
tray is connected with the positive wire from a table (p. 446), which 
supplies ealvanic, faradic, and rhythmic and other currents dertved from 
the 11(-volt direct electric-light circuit. The volt controller and the 
rheastat are both adjusted so as to give no current. The connections 
are made for the galvanic current, and the rheostat and volt controller 
are eradually changed until the milliamperemeter indicates that a cur- 
rent of 20 or more milliamperes is passing through the body. More or 
less burning sensation is usually to be expected at the place where the 
medicine is introduced, and the amount of pain furnishes a guide to 
the amount of current permissible. The ‘four-cell bath referred to 
allows the indifferent electrode to be applied to either foot or either hand, 
and enables one to change from one to another by moving the wire from 
one binding-post on top of the table to another. A burning feeling in 
the foot or hand at the indifferent electrode is an indication for changing 
from one limb to another, but before this is done the current 1s gradually 
reduced to zero, The current is gradually increased to the original 
streneth after the new connection has been made. For the heaviest 
currents three of the trays may be connected with the negative pole ol 
the galvanic current, the more extended surface of contact with three 
different extremities at the same time preventing any discomfort [rom 
the indifferent electrode. This, however, does not lessen the painful 
effect at the active electrode. anid an anesthetic Is required In some 
cases, as in the use of a metallic zine electrode of small size core 
with felt wet with aS per cent. solution of EAT sulphate and a curren a 
40 to 80 ma. for the cure of rodent uleer. W eaker currents may be usec 
for the same eases without an anesthetic. ; : eee 
Adrenalin cataphoresis is used as a Means oO blanching the pois 

previous to the application of the ultraviolet ray, which will not pene se 
tissue filled with red blood. A small electrode is used, which kerslit™ 
m a hard:rubber receptacle, for the solution (1: 1000 adrenalin ch ee 
and the bottom of which is formed of porous sre ern ‘Oe hand, 
active positive electrode. The other electrode may be a rm fae about 
and 2 continuous current of about 5 ma. be allowed to fon 

five minutes. ~ methoc 

_ Mercuric Cataphoresis.—This term is usually applied = ? ict or 
introduced by Massey. Extremely heavy F CRE EERE se eas of sharp 
more are applied from the active positive electrode, bear aoa while 
pieces of zinc amalgamated with mercury, thrust a i A genera 
the patient lies upon a large indifferent negative electrot seine Bern 
ancsthetie is required. There is coagulation necrosis 0% 
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by alkali necrosis or colliguative necrosis— 


Ly 
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4 MOSt PAnZTCnoOuUs Process like that produced by the action of a caustie 


alkali. The patient under the influence of an anesthetic. and «so 
cannot five warning of the occurrence of 4 burn. The positive wire 
may be divided into about five strands, and it is best for the zinc 


al 


pots (pieces of sheet zinc, such as signs are painted on, about 4 ol 
an inch wide at the base, about 3 inches lone, and tapering to a very 
sharp point) to be soldered to the copper wires. If this is inconvenient. 
they may be bent Around the wire and securely pinched. The points 
are galvanized by dipping them first in dilute acid and then in metallic 
Mercury. The first port should be introduced before the current 15 
turned on, and a rheostat should be used to very gradually increase 
the strength of the current from zero to 30 or 40 ma. Then another 
pomnt 13 gradually introduced, and it will be found that the milliam- 
peremeter registers an increased current, due to the larger area of contact. 
Other points are introduced so as to transfix the tissues all around. and 
if practicable, beneath the growth. The current mav then be found to be 
a or 60 ma., the increased areca of contact at the metal points having 
greatly reduced the resistance at the positive pole, while the resistance 
at the negative pole has not been changed. Additional current is now 
turned on very gradually until 100 or even 200 ma. are indicated by the 
milliamperemeter. The flesh is seen to turn white, and a white froth 
exudes from the different punctures. The exact length of time that the 
current should be allowed to flow varies with the amount of tissue that 
is to be destroyed. It is usually between five and ten minutes. The 
current must be turned off just as gradually as it has been turned on, 
anc the last metal point must not be removed until the current has 
ceased to flow. The 110-volt direct current is most suitable for the 
work, Chis may be obtained from the direct 110-volt electric-licht 
circuit, or from the alternating electric-light circuit, by a rotary trans- 
‘Ormer OF a storage-battery or a galvanic battery of the necessary 
number of cells to produce about 110 volts mav be used. : 

This treatment has been applied to cancers of the breast and tongue, 
localities where turning the current on or off suddenly would cause 
Serious shocks. : 

_ The advantages of this treatment are the freedom from hemorrhage, 
the complete destruction of the part to which tt is applied, the presence 
of a sterilized and usually dry slough, which changes into a dry scab 
and comes away by natural processes. : 

lhe disadvantages are that it does not have a selective action upon 
the morbid thse, nor one extending beyond the area actually destroyed, 
and that its cicatrices are very bad compared with those left after a case 


aa been cured by the z-ray or by surgical removal and a plastic opera- 
on. | : 
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Fie. °77.—Dental fractional volt selector for catuphoresis 


any ereater 


a doubt remains in the author's mind as to whether it & 


action of the guaiacol (a carbolic- 
The method has been 
und as a prepa 


than would be accounted for by the 
acid derivative) without an electric current. 
employed for neuralgia, for the pain in locomotor ataxia, : 
ration for small superficial operations. : 

Fic. 977 shows a suitable volt controller for dental cataphoress. — 

Electrolytic Medication in Middle-ear Disease.— | he materials 
employed by Malherbe’ are solutions of sodium chlorid, potassturl = 
sMlium iodid, and pilocarpin nitrate. The strength of the solutions 
varies from 2 to 5 per cent. and the active electrode (positive wl : the fires 
three substances and negative with pilocarpin) consists 0} & seas SE 
entton wet with the solution, and placed in the external auditory petal 
in contact with the outer surface of the drum of the ear. The other 


LArch. d'Elect. med., July 10, 1cO7. 
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| in the same wavy, having the 
the external auclitory meatus wet with a | per cent. solution of 
zinc ‘hlorid and the cathode m the Eustace Li n tube. 

Chlorin laaszation for Fibrous Ankylosis, Sclerosis, Dupuy- 
tren’s Contraction, Sclerodactylia, etc.— lhe benefit which has long 
been known to follow the a pplicath n of the constant Current in these 
s may be due in part to chlo im tons trom the salt solution olten used 


ane 


to moisten mes electrodes. Uhe ‘specie oly ct of applying these jons 
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reninres that active electrod c should be a large onc, so as to pe rmit 
of the use of stro ng currents of 20 to 50 ma. and that it should be the 
Heri Tah ,& an A rod ie. 

Copper Electrolysis for Ring-worm.—This is a practi ieable method. 
but has not been em ploy ai to anv extent. The object ts to carr Vv an 
antiseptic agent into the hair-follicles. The strength of current depends 
Upon Lhe aATea ot COn tart: the applicati lon should Lot he Strong (" nourh 
or long enoug rh to cause pan _ but it must cause a distinct sense of 
Warmth. 

Copper Cataphoresis for Fistulas About the Jaw.—A suggestion 
by the author is to make use of copper electrolysis for these cases, after 
making sure that there is no retained broken root or root filling. <A 
small area of necrosis can be cured by this means. The current should 
be 6 ma., or as near that strength as the patient can stand.. The posl- 
tive electrode Is a pure copper rod introduced into the fistula, and the 

negative electrode is applied at some indifferent place. 

Copper Cataphoresis for Infected Punctured Wounds with 
Chronic Fistulas.—A copper posit ive electrode is passed into the 
hstula, cut Ml a current of 6 or 8 milliampe res 1s allowed to flow for six or 
eight m spe when the current ts gradually reduced and a reverse 
current of 2 or 3 ma. is allowed to flow for a short time to loosen the elee- 
trode from the flesh. Treatments are given once a week, and result im 
a4 cure In three or four weeks. 

Magnesium Ionization for Flat Warts.—A piece of absorbent 
cotton 2 em. in thickness and with a surface of 100 cm. was moistened 
with a 5 per cent. solution of macnesium sulphate and formed the posi- 
tive electrode. <A current of 10 ma. was applied for fifteen minutes. 
Eaght davs after the first treatment the skin was smooth, and over almost 
all the aurface treated the warts had become flattened and cffaced. 

some disappeared without leaving any trace. Most of them, however, 
were replaced by a little ycllowish-brown spot; others felt a little bit 
rough. Only two treatments were required at mtervals of eight days, 
and five or six days after the last treatment the skin was entirely normal. 

This is the history of a case of multiple verruga planus of the face, 
treated in this way by Bordet, after all the usual methods of treatment 
had failed, and even aiter the ccobemaals of high-frequency sparks had 
produced littl cfect. 

Magnesium Ionization in Fungating Warts.—A case in which 
this treatment was tricd by Bordet did not yield ik PCOS PANY: The 
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ed that he ests yi d them by th ral VATOCRUtery. 
[odin Anaphoresis for Goiter.—<A solution of potassium iedid of 
ution of iodin In one of potassiun 


Lion 1s used to moisten the felt 
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ne NeeaAlive CiccirMle, Lhe DrOcess is One Of anaphoresis. not 


OTe which areks the ann) e 


because the active agent is 
the cathode. The eleetrocdle must be 


a larcre one, curved 
neck, and a current ol alot an. for ten minutes 3 
The positive electrode is a large one, and is placed at some 
pont. Particular care must be exercied im turning this 
y powerful current on and off gradually. 
made every day. They are quite painful. 

The effect is beneficial, but seldom « 


Ap plicat li ins are 


sauses the complete disappearance 
of the tumor. It ts possible that 1) may be due practically entirely to 
the effect of the eleetric current and not to the todin. 7 

Iodin Anaphoresis for Chronic suppurative Adenitis.—A method 
which is useful m cases where it is verv desirable to avoid an meision 
and consequent scar Is by aspiration of the pus, injection of a solution of 
iodin or 1odid of potassrum, and introducing a needle, insulated except 
at the point, and connected with the negative pole of the battery. 
The other clectrode is applied at some indifferent place. A eurrent of 
10 or 15 ma. is gradually turned on and allowed to flow for ten minutes. 
Three or four applications usually effect a cure. 

lodin Ionization for Gonorrheal and Tabetic Arthritis of the 
Knee. Successful cases have been reported by Giovine.' A solution 
ot potassium Loic 3 used to moten the large negative electro le which 
1s wrapped around the joint. | 

Zinc Cataphoresis for Fistula in Ano.—These cases have always 
been extremely difficult to cure by this method, but an improved technic 
suggested by Bilinkin has resulted in a number of eases being cured. 
The positive electrode consists of the finest kind of a zine rod or needle, 
and it is coated with paraffin except for 1 em. at its distal extremity. 
It is introduced to the bottom of the fistula, almost but not quite 
entering the rectum. A current of 6 ms. flows for three minutes, and 
the bowels are kept constipated for three days by means ofopium. At 
subsequent treatments the electrode does not pass so Tar nto the fistula, 
ami the strength of the current is gradually reduced. Fr ene ES a 
(Wenty treatments are required to effect acure. It Is wore likely to le. 
ceed In cases where the patient is strong and has mo tuberculous epi = 
It may do considerable rood, however, even In tuberculous hstu ae - 

Zinc Ionization for Epithelioma.— The best solution is | pet ies 
chlorid of zine. Leduc uses a current of 2 ma per aquare pairs 
f surface to be treated, and an appheation lasting hiteen Oeste 
minutes, Lewis Jones uses much stronger currents, phi bait not 
endurable, and a shorter application. Cocain may be req cod with 
& general anesthetic. A zinc electrode is used, and ooctor ns n the 
the solution may be tied around the electrode or simply laid rot miini- 
uleerated surface. The effect of an application of 10 ee to turn 
Utes ie bo impregnate the superficial Lissues with sme necrosit. 
them a dead-white color, which, however, does not indicate 

! Riforma Medica, November 2, 1907. 
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Zinc Electrolytic Medication in Gonorrhea.—A soft-rubber 
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the electric connection With the Licyuin LDV the use ot a tine platinum wire. 


which passes through almost the entire length of the catheter, and which 
‘= fastened to a metal tube inserted between the tube from the irrigator 
[ 


bag and the catheter. It is to this metal tube that the positive wire is 
secured. The other electrode 1s applied Lo any other indifferent revlon. 
An irrigation with 2? Quarts af solution is enough for each application. 
In acute cases, where the treatment is begun on the first or second day 
of the disease, Bouchet has found that daily treatments cause immediate 
disappearance of the discharge and sterilize the urethra of ronococei in 
fourteen days. In 30 chronic cases he obtained a complete cure in three 
or four weeks by applications made every other day. 

Zinc Cataphoresis for Alopecia.—Leduc's’ experiments upon 
rabbits rendered bald by tinea show that the application of a positive 
electrode wet with a 1 per cent. solution of chlorid of zine causes rapid 
erowth of the hair. 

Chronic Hemorrhagic Endometritis and Chronic Ulcer of the 
Leg.— Zine cataphoresis is excellent in both these conditions. 

Lithium Ionization in Gout.—Guillozs method has been used 
successfully in a laree number of cases (70 of his own reported). The 
affected limb rests in a porcelain basin filled with a 2 per cent. solution 
of a lithimm salt, with enough lithium hydrate to alkalinize it. The posi- 
tive electrode is placed in the solution, and a large indifferent negative 
electrode is applied over the lumbar region. Guilloz gradually turns 
on a current of 150 or 200 ma., and allows this to flow for twenty or thirty 
minutes. He terminates the session by fifteen minutes’ hich-frequency 
autoconduction. Treatments are given every dav or perhaps twice & 
day. 

The results are relief of the local symptoms, a rapid reduction in 
weight, a cure of the attack, and prophylaxis against other attacks. 
Gouty deposits often disappear. It must be remembered that these are 
extraordinarily heavy currents, to be applied for such a length of time, 
and the usual care must be taken to prevent shocks or burns. 

Bipolar high-frequency effluviation may be substituted for auto 
conduction in the above technic. Electric-light baths are of very great 
value in some cases where cataphoresis and high-frequency currents 
cannot be applied. ; 

Bordier has found uric acid in the solution with which the Prtsi= 
tive electrode was wet during lithium cataphoresis. Dipping the 
arm in a solution of a salt of lithium, which forms the anode, lithmm 
will be carried into the system by the current, and will appear in the 
urine, The cathode should be used if it is desired to introduce the acid 
radicle, a | 

The best solution for medication with lithium tons 1s a 2 per cent. 

' Journ. des Practiciens, February 9, 1907. 
* Journ de Physiotherapie, September 15, 14H. 
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polyarticular rheumatism by nine treatments. 
Salicylic Ionization in Migraine of the Arthritic Diathesis.— 
teeording to Hartenberg,* an attack of sick headache in these cases 


lie to arterial Spas, probally from irritation ot the eeryics| SV pa 
hetic. and this he considers due to a rheumatic Infiltration of the tissues. 
the museles of the neck. Parts of the muscles are swollen 
tender. If the swelling is recent and subacute, tt & elastic and 
supple. but if it 1s inveterate, there are hard nodules in the muscles. 
There may also be indurated glands, thickening, and infiltration of the 
skin. This condition irritates the superior cervical ganglion of the 
sympathetic, which becomes sensitive to pressure. LElectrotherapy, 
which removes these infiltrations, cures the sick headaches. _ 
Salicvlic ionization is emploved. The negative electrode is placed 


around the neck, and 1s moistened with a 20 per cent. solution of so- 


dium salicylate. The positive electrode is at some indifferent place. A 
current of from 15 to 50 ma., according to the size of the clectrodes, & 
allawed to flow for one-half hour. Recent muscular swellings disap] Sic 
in twenty treatments. The harder ones take a longer hime. but disap- 
pear with the elandular and cutaneous infiltrations. The sick headaches 
are benefited durimg the first month, and are cured, but occasional 
treatments are desirable to prevent relapse. : : , 
Salicylic Ionization for Muscular Rheumatism in the Lumbar 
Region.—Each electrode measures 6 by 5 inches and the negative 
electrode 1s wet with a 4 per cent. solution of sodium salieviate, and 
placed at the seat of the greatest pain. The ot her electrode = placed 2 
few inches away. either above or below. A current of trom au to ou 
ma. is gradually tarned on, and allowed to flow for from fifteen to sixty 
minutes. | repeal 
Salicylic Ionization for Sacrovertebral and Sacrococcye! a. 
Arthritis.—This has been suceessiully employed by Bordet DE Sams : 
such severity that the patient was confined to. bed. The mre 
electrode is wet with a 4 per cent. solution of sodium salicylate, ant t 
@pplicd over the painful articulation, while the other electroue : ¢ 
4 point near the spine, a few inches higher. A eurrent of 30) or $l ji 
for about twenty minutes every day is required, and each treat ae 
Tay be terminated by faradization oe fine whe coil and a moderate 
Strength of current applied by a roller elect role. ; re 
Salicylic lonueneoe for Tic Douloureux.—This has been used by 
' Arch. des laborat. dex Hapit. d*Alger., June, 106, No. iv, p. 1. 


fT Teee medieale, January 15, 1006. Tee | 
1 Bulletin offeis . "la Seatete francaise d'clectrotherapie, January, 1906. 
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i others with a certain proportion of cures. The negative 

28 shect of metal conformed to the sh i [HO of the portion of the | 

' afecti cl and Cover] with ete rhoent COLON wet ith at eolution ct 
eqlievlate. A Current of at it “V) ma. ps allowed tir Aow for 

about an hour. The process ts the reverse of cataphoresis, the tons 
desired bemg the acid tons which flow away from the cathode, and not 
toward it. The indifferent electrode must be a larre one to prevent 
irritation from such a strength of current for so long a time. Oneg 


or more of the cells of a four-cell bath serve admirably as the indifferent | 
electrode. 


INDICATIONS FOR TON TOPHORESIS (Machado's Table)2 


{ Salicylic iontophoresis. 
" { 4ine tontophoresia. 
Senondary infections of {Zine iontophoresis. 
cczema or other sc- | Cathode of amalgamated zinc. 
creting dermatoses, 
| Sluggish wounds. 4 
| 


| Ulcers 


Epitheliomata. 
Skin Affections........ 4 Acne. 
Furuncle and anthrax. 
| Alopecia areata. 
| Falling of hair. Zine iontophoresis. 
Sv COSI. ] Copper Lon tophoresis. 
Pines. | Copper iontophoresis. 
| Fistule. Magnesium iontophoresis. 
| Verruga. | 
{ Gout. | Salicylic iontophoresis. 
| lodin lontophoresis, 
! | Rheumatism. } Electrolytic baths, 
Articular affections... . CL Am. Cl Li, KI, Ns3,0,, 
1ontophorests. 
Blennorrhagic rheuma- Salicylic iontophoresis. 


Requires a general anecthetic. | 
and z-ray i: better. 





Lisi. 
| Fibrous anchylosis, odin iontophoresis. 
( Quinin iontophoresis. 
| Ruquinin tontophoresis. 
{ Cocain and guaiacol iontopho- 
resis, 
saheviiec iontophoresis. 
ME ed he fe ee ee A 4ine anode jontophoresis, 
( Blennorrhagic urethritis, zine anode iontophoresis. 
Genito-urinary diseases | Hlennorrhagie urethritis, gelatin bougie anode impreg- 
> nated with nitrate of silver. 
lodin iontophoresis, 


Neuralgia..........., 


Fistula ami 


l 
wae ; Non-uppurative adenitis. 

Glandular affections... . SUP ParaeyS adenitis injection of KI solutron, with evacu- 
. , ated sac and then galvanic current. 

Dental Fist cade tne == =e Copper iontophoresis. 

Middleear disorders. { Anode solution 2 to 5 per cent. NaCl, KCI, or KT. 

"(Cathode solution 2 to 5 per cent. pilocarmin nitrate, 

’ fonic Medication by Means of High-frequency Currents.—An 

eectrode for this purpose (Fig. 278) consists of a dome-shaped unipolar 

Nemtegte tube with a lesding-in wire, which terminates less than an inch 
rom the flat surface which is to be applied to the body. This leading-in 

wire is connected with the Oudin resonator or with one pole of the 


’ Arch. d'Elee. med., November 10, 1905, 
at | ireilio Afachada, Les Applications, ete. 
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to make the current an alternating one. The effect of iodin upon the 
skin 1s, however, very much increased by this application. 

Chlorin Iontophoresis in Rheumatoid Arthritis —Where there is a 
bogey swelling around the jomt wrap joint with twenty thicknesses of 
lint wet with a stenmle 2 per cent. salt solution. Tim-foil and oiled silk 
are outside of this, which fonns the negative galvanic electrode. The 
positive indifferent electrode should have a larger area. The density of 
the current should be not more than 1 ma. per square centimeter. 
This is applied thirty minutes three times a week. It may free the 
ankylosis.' A finger-ring should not be worn because of possible con- 
centration of the current; in fact, Humphris reports a burn under a 
finger-ring from 25 ma. for thirty minutes. 

Various Opinions as to the Value of Electric Ionic Medication.— 
éimmerm believes that there is not hinge but a surface effect from the 
ions of medicinal substances which are used to moisten the electrodes, 
and that the deep effects, beneficial or otherwise, are due to the eurrent 
itself. The last clause means, of course, the tissue ions which transmit 
the current, and which in reality constitute the current. 

Iseovesco and Matza® have performed experiments in which they 
tested the electrolytic introduction of medicinal substances into gelatin 
containing 76 Per cent. common salt, and found only a surface action 
WIth potassium permanganate. A laver was produced upon the sur- 
‘ace which prevented further progress of the colored particles. The 
result with copper sulphate was the formation of copper chiorid, which 
penetrated into the gelatin at the rate of 1 cm. (0.4 inch) in several 
hours. The result with iron acetate was the same as that with potas- 
Sim permanganate. 

Their conclusion is that it would be more effective to give a hypo- 
dermic injection of the substance to be introduced into the living body 
than to use the electrolytic method. 


A Caries, Thixe de Bordeaux, January, 1006, 

, winth Medical Congress, Paris, October 14, 1907. alee 
_, Physiological Laboratory of the Sorbonne, Comptes rendus de la Societe de 
biologie, February §, 1907. 





testit fr the etiect of clifterent 
rew the conclusion that, uncet 
ication in man, the tons which 
ther ions, and produce a local 
feet, ‘ “WALTON. 

Frogs were placed with one hind foot in a solution of potassium 
ehlorid, ron chlorid, magnesium chlor, ete., and the other hind foot in 
q 2 per cent. elution of sodium ehloricd, while a Current of 2 THs. Was 

allowed to low. The metallic solution was connected with the positive 
pole. The movements of the denuded heart were recistered by a Marey 3 
cardiorraph. 

His conclusions were that pot: , mercury, and copper tons 
are essential poisons to the heart muscle, acting only slightly upon the 
cardiac nerves. Magnesium tons stop the heart’s action by an effect 
upon its nerves. Trivalent tron ions s! ithtly paralyze the heart museles. 
but act as a violent poison upon the nervous system. Divalent iron 
ions and caletum tons are tonics of the cardiac muscles. but in large 
doses act as a nerve poison. Sodium and silver ions do not produce 
much eect. although the hirst sl iehthy stimulates the mvocardium, ancl 
the latter stimulates the cardiac nerves. 

Brésard* has not succeeded in the ionic treatment of ankvlosis 
of the large joints, even if of traumatic oricin. He does not believe 
that the medicinal substance is carried beyond the follicles in the skin, 
anc thinks that whatever effect is obtaines| TT joint Cases is cue to the 
electric current and not to substances used to moisten the electrodes. 

Just as the effect of basic or cations is manifested at the positive 
pole, = the acid or anions produce their effect at the negative pole. The 
solution of common salt, sodium chlorid, which is often emploved to 
moisten the electrodes for ordinary therapeutic and diagnostic purposes, 
becomes dissociated into sodions and chlorions: the latter are acid tons or 
anions, and produce their effect upon the tissues close to the negative pole 
‘rom which they start on their paths toward the positive pole. Nascent 
chlor in 18 responsible for part of the irritation produced when sodium 
chlorid solution is used to moisten the electrodes, and which mav be pre- 
vented by the use of sodium bicarbonate solution for that purpose. 

Electrolysis in Cancer.—Tumors of any considerable size require 
powertul currents applied with the same precautions as described under 
the head of Mercuric Cataphoresis (p. 393), the only difference being 
that platinum needles are usually employed, and that it has been cus- 
tomary to avoid the possibility of shock by using both poles actively. 
By this method the positive and negative electrodes are thrust into the 
fiesh near the periphery of the tumor, and a current of 30 to 80 ma. is 
gradually turned on. This bipolar method does not secure the dry 
sterilized slough obtained when the different needles are all connected 


| Arch. d'Elect. medl., 7 November 10, 1007. 
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There i no selective action upon diseased 
tissues are destroved as well as the morbid. 
bevond the area through which the current flows In 
2 eroatest concentration. 
‘The Strength of Current to be Employed in Electrolysis.— 
The effect is greatest upon the portion of tissue directly in contact 
with the electrode. With moderate currents 1t varies with the leneth 
me during which the current flows and the current density, and 
nds, therefore, upon the quantity of electricity per unit of surface 
ntact. Electrolysis for stricture of the urethra requires the ap- 
of a sufficient quantity of negative electricity to produce 
interstitial softening of the tissues without destruction and sloughing. 
The 
eallic contact at the necative electrode, and a current for about five 
minutes. The strencth of the current will vary from 5 to 30 ma.. 
depending upon the size of the electrode. The current for the cure of 
nevus by electrolysis without destruction of tissue should not exceed about 
A) ma. per inch of length of positive needle in electric contact with the 
tissues for about five mmutes. A greater strength will produce slough- 
ing. Twelve to twenty galvanic cells in series will supply the necessary 
current for treating nevus, but as they may very quickly run down, a 
storage-battery oF an arrangement for ut ilizing the direct electric-lighting 
current 15 preierable. 

In these and other cases the current densitv is almost exactly pro- 
portional to the voltage, and if this is maintamed at a uniform figure, 
it does not matter so much whether a larger or a smaller surtace of the 
electrode is in contact with the tissues. If large galvanic cells are used. 
the voltare mall he practically constant, and will depend upon the num- 
ber of cells in series, each cell yielding an electromotive force of about 
12, volts. The same is true of a storage-battery, but each cell in series 
yields about 2 volts. Using either twelve large galvanic cells or ten 
storare-cells in series, or arranging the table for utilizmg the electric- 
light current in such a Way as to yield 18 volts, a suitable current would 
be obtained for the treatment of nevus by bipolar galvanopuncture, 
while a considerably greater number of cells would be required if the 
monopolar method was used, and an indifferent sponge electrode was 
applied to the surface of the skin. In the treatment of superfluous hair 
the voltage again is the important thing, and ts usually found to be 
O or o volts. The proper voltage is secured by adjusting the ap pak- 
Tatus in the treatment of the first hair-follicle, and then there & no 
further regulation of the current while different hair-follicles on the same 
part of the face are under treatment. The same number of galvanic 
cells or of storage-cells, or the same adjustment of the volt controller 
and rheostat, will give the same eurrent density, though the varying 
depths of the different follicles will allow of different areas of contact, 
and the milliamperemeter will indicate a different current strengt 
The same effect is produced over a larger or a smaller surface when the 
voltage is constant, and the milliamperage varics in consequence of 
Variations in the area of contact. , 

It would be wrong to select a certain number of milliamperes and 
apply that strength to every hair-follicle, varying the voltage to over- 


proper amount is about 4 coulomb per square centimeter of me- 











MEDICAL ELECTRICITY AND HRONTGEN HATS 


‘nces in resistance due to inequalities in the aren of contact, 


Cr ch Tint Peres pe oa through halt the ares nf ean- 
ae 


a arts r . at = 
1 curren sity, smi would produce a much 


the only measuring instrument requires]. 

vo th eter in addition would, of COUrSse, rive elirs ct reacdis ro 

and would, theretore, be very convenient. “The reculation 

he strength of the current is effected by a cell-selector. and per 

ey “ rhenetat “anc volt-controlls r inf the Case ot ralyanic or storare- 

| and by a volt-controller and rheostat when the direct electrie- 

light current is used. The milliamperemeter shows whether all the 
connections are right. and a current of the proper direction and about 
the proper strength is lowing. <A simple woltmet er may be improvised 
by connecting the two conducting cords with a 16-¢ andle-power electric- 
hght bulb, and noting the number of milliamperes registered by the 
milliamperemeter. We know that 250 ma. re Quire a voltage of 110, 

and so In a rough wav the number of volts is one-half the number of 

milliamperes which the battery will drive through a If-candle- -power 

Incandescent lamp. The electrodes are not connected with the patient 

during the measurement. Having once adjusted the apparatus for the 

proper voltare, it. 15 easy LO koe} » 1t there or to reproduc e the same e oil. 

justment. 

Strength of Current for Dee p Electrol ysis.—The diffusion of the current 
from a small area of contact with the electrode is so creat that no current 
which ¢an be borne by the skin where the current density is greatest 
will produce much direct effect upon a deeply seated organ where the 
Current density is least. <A reflex effect is often obtained. and ts fre 
quently very beneficial. The skin over a deeply seated organ is often 
reflexly connected with 1t. The means for producing a direct. effect 
consists in using extremely large electrodes, covering the whole joint 
or other organ to be treated. ‘Two objects are accomplished: the li 
of radiation traverse the deeper parts in abundance, perhaps even 
flving & preater current density at the center than at any part of the 
suriace, and the large area of surface contact permits : the passage 
of very heavy y currents without undue current density. A deep-seated 
organ may in this way be traversed by currents as strong as those ordi- 

narily applied tothe skin. Here: iain the proper current density at the 
surface in cont a with the electrode is very Important, and it is secured 
by proper rerulation of the voltare. 

The current density is usually not more than | or 2 milliamperes 
per square inch of surface of the smallest electrode for a continuous 
appl ication unless it 15 desired to produce an electrolytic effect. It this 
is the case, a smaller electrode may be used for the active electrode, but 
the indifferent electrode ; should be large enouch Lo comply with this rule. 
The indi ferent electrode, for instance, has to be of an area of over 100 
Square inches when a current of 250 ma. is used for the cataphoretic or 
electrolytic destruction of a cancer of the breast by monopolar galvano- 
puncture. 

Electrolysis for Hypertrichosis.—aA fine iridoplatinum needle is 
connected with the ne gative pole of the battery. The Positive € leetrode 
is & wet sponge electrode the insulated handle of which is held by the 
patient, who makes and breaks contact by pressing the palm of the hand 
against the sponge. ‘This enables the operator to have both hands free, 








Electrolysis for bhypertrichesi«, 
patient told gradu: ux ‘to press her hand upon the sponge. The rheostat 
is not changed for each hair, but when passing to another part of the 
face which may be more sensitive, it is well to reduce the current to zero 


before catheterizing the first hair. The exact leng th of time that the 
current is to he allowed to flow is not to be measured by the clock Ee, but 


by ‘the effect. A little foam forms around the needle and sce t Ln 

| little raviness. The hair should cor ne away without any tras ‘tion when 

seized by ¢ D lation forceps. It requ ires some little prac tice and judg- 
‘nt to ea the hair-follicles without undue SCArring. Even Lat 

CAPCTL W lll have to count on 20 Per ce nt. of the hair returning. Scarring 

but it is very much less if suce essive treat- 
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Too long or too strong an application will CALSe 
Dil pitting, almost like that of small-pox. As the remov al of a ¢CoOmn- 
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hity at a sitting, the tediousness of this method of treatment is self- 
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fine lAnuUeE hi irs 18 th leas staggering LF proposition, ana =) is the removal 
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course of treatment extending OVer h& Vear or two 
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which it is desired to destroy have been removed. 4 


rtain eT baer “ri eeitlith to reti©rml. Ano oOLners Which were noe. Tew ove 
eeem to become coarse and require removal. The patient should return 


after two or three months, and evervthing objectionable should he re. 
moved. This has to be done over and over again, and will eventually 
Uuccet . 

lf a steel needle is used, especial care must be taken to make sure 
that it is connected with the negative clectrode. Positive electrolysis 
with a steel needle would produce indelible staining of the skin. =~ 

Needles with a bulbous instead of a sharp-pointed extremity are 
recommended by Humphris (‘‘Electrotherapeutics for the Practi- 
tioner’’). who also recommends that hairs which are not loosened he “4 
safe current should be forcibly pulled out. They will certainly return. 
hut then May bie lest rover. Rubbing PLPILIE black substance over the 
surface may make the hair-follicles easier to find. | 

Electrolysis in Lym phangioma.—The technic is the same as for 
abil ert cd CALVCrnosSh. 

Electrolysis for Angioma Cavernosa.—Monopolar — galyano- 
puncture may be performed with one or several (as in Fig. 280) irido- 
platinum needles, varnished except at the poimt, and connected with 
the positive pole, while the indifferent electrode is made of a flat metallic 


Fiz. 230.—Instrument for multiple galvanopuncture. 


ring covered with felt and surrounding the region to be treated. A 
current of 20 or 25 ma. for about five minutes is required. 

The monopolar method is used only irl special esses. where there & 
danger to blood-vessels or nerves from the bipolar method. 

Bipolar galvanopuncture emplovs insulated needles connected with 
each pole of the source of continuous current. A current of 30 or 40 
ma. 15 gradually turned on and allowed to run for about five minutes 
and gradually turned off. Several bipolar punctures may be made 
at the same session. The positive necdle requires a little twisting to 
remove it, but the negative needle is usually perfectly loose. 

Whichever method is employed, treatments should be given twice 
- week until the tumor feels like a hard, solid mass. 

Electrolysis of small vascular tumors is accomplished by the use of a 
fine gold needle coated with shellac, except at its point. This is to be 
the anode, and an acid is liberated there, causing coagulation necrosis. 
For intra-uterine electrolysis a platinum stem 4 or 5 mm. in diameter 
Serves as the anode, or it may be made of carbon. This disengages an 
acid and ozone, and cauterizes and disinfects the uterine cavity. | 

In a few cases the cathode is used, and the cauterization is by bases. 

a Electrolysis for Vascular Nevi.—Flat nevi with Wisible telangiecta- 
sis are readily cured by electrolysis, and if very small, the ralvano- 
puncture may be monopolar (Fig. 281). The positive electrode is 
the active one, and the negative sponge clectrode is applied to some 
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Fig. 281.—Method of performing electrolvst for vascular nevi. 


with the surface. ‘The idea is to cause the vascular tumor to he trav- 
ersed by a current of uniform strength at all parts. Too marked an 
effect. upon the tissues would cause sloughing, and this ts not at all neeces- 
sary in order to effeet a cure. The appearance of lividity or blackening 
of the tissues indicates too long or too severe an application. aie 
Port-wine Stains.—The electrolytic treatment of these birth- 
marks is accomplished by the bipolar method. The positive needle 1s 
thrust into a certain part of the port-wine stain rather near the periphery. 
and a series of punctures are made around it with the negat ive needle. 
several such positive punctures surrounded by a circle ol negative 
punctures are required. These should be far enough apart to prevent 
confluence of the superficial sloughs. The current should be of a 
strength of from 20 to 40 ma., and the usual precautions are taken to 
prevent shock. ‘The resulta are not so uniformly satisiactory In the 
treatment of port-wine stains as in the treatment of the smaller nevi. 
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ment is considered on p. 1071. 


‘Electrolysis for Hairy and Pigmented sho me method of 
Ppa eee a be electrolysis of exch ol Loe GITePren air-Lollteles. Lisi 
the «ame technic as for hypertrichosis, and this usually causes a suff. 
es nee tae rie pee eS nevus, If an additional treatment 13 
seatared the base of the nevus may be transfixed by two or more 
iepnkiy e needles parallel with each other aT with the SUTTACe, while 
the positive electrode is held in the hand. The current 51 ifficient for 
the first part of the treatment for the destruction of hanr-t Nheles shouled 
he from 2 to 5 ma., while for the second part of the treatment a current 
of from 20 to 30 ma. is required. 

The z-ray may be found preferable when the hairy nevus is very 
large and all the hairs are very coarse and strong. 

‘Electrolysis for Warts —Negative monopolar galvanopuncture or 
bipolar galvanopuncture with a current of 20 to 30 ma. destrovs these 
prowths. 

Treatment by the x-ray or by the application of radium is somewhat 
to be preferred, and high-frequency sparks are wonderfully effective. 

Electrolysis in Acne and Acne Rosacea.—Laree comedones may 
be treated DY the SMe technic that is User! tor hy pert rie hess. Hyper- 
trophy of the nose requires elect rolytic treatment of the different foll- 
cles, and after the subsidence of inflamm: tory reaction, may be treated 
by unipolar negative galvanopuncture. The current for the first part 
or the treatment should be of a streneth of about 5 ma.. while for the 
peeond part about 20 ma. are required. The results obtained are very 
good indeed, but, of course, the method must be apphed with great care 
LO prevent scarring. 

By another method, the electrolytic needle is applied for acne with 
4 Current of 2 to 4 ma. for three to five minutes, i-noring the anemia, 
which occurs in a few seconds! rs 

Angiokeratosis and tattoo-marks are treated in the same way. LElec- 
trolysis is of doubtful utility in lupus erythematosus. A 

Sycosis is sometimes treated by an electrode wet with 2 per cent. 
solution af corrosive sublimate, applying a rhythmically reversed cur- 
rent for fifty minutes, or better. several shorter treatments. This is 
suitable for chronic cases with mixed infection: erusts are to be removed 
before applying the Current and a little vaselin applied afterward {Meis- 


sonier). Most cases of sycosis are, however, to be treated with the r- 
ray’. : 


. Furunculosis is successfully treated hy 
tion of corrosive sublimate or of ZzIn¢ hi 
Meissonier has tried cata 
results in acne rosacea of the nose and cheeks. 
Phe itching of lichen ruber jz relieved by quinin cataphoresis. 


'P. Meissonier, in Boruttaa. 


cataphoresis with a solu- 
: sulphate. | 
phoresis with ergotin with encouraging 





IONTC MEDICATION HY ELECTROLYSIS OF 
Phagedenic chancre may be treated by corrosive sublimate cats- 


= 
i 


cocain cataphoresis a5 or 10 per cent. solution is applied for 
‘on or fitteen minutes and the anesthesia 


Dermatitis papillaris capillitii may be 


Insts thirty minutes 
treated by the negative gal- 
vanic needle, but the z-ray has given much better results in some cases 
wnder the author s al. mery nition. 

Electrolysis for Sebaceous Cysts.—li excision cannot be per- 


7 


a t | 
-cvet may be destroved by galvanopuncture. 


The positive 
: distance of 4 
inch trom it. The unmsulated needle connected with the negative pole 
of the battery 1s thrust into the middle of the evst, and a current of from 
2 to 10 ma. is applied for two or three minutes. The needle t then 
removed, and occlusive dressings are applied; two or three days later 


trmle is 40 arranged as to surround the evst at 


an insulated needle is thrust through the slough, so as just to reach the 
wall of the evst, and a negative current of about 10 ma. ts again applied. 
Three days later it may be found practicable to express the entire soit- 
ened mass through the little opening which is left by the removal of the 
cutaneous slough. 

Electrolysis for Keloid.—Negative monopolar galvanopuncture 
current of about 5 or 6 ma. may be emploved. 

Electrolysis for Warts.—Pedunculated warts are treated by 
thrusting the negative needle through the wart at a distance from the 
skin. A current of 2 to 4 ma. is allowed to flow for perhaps two to five 
minutes, until the wart has seemed to become blanched and looks like 
an herpetic bulla. This is rather painful, and it is better to use ethyl 
chlorid as an anesthetic. A steel needle can be used perfectly well. 
The same method may be used even if the wart is sessile. The author's 
patients greatly prefer the high-frequency spark. ! 

Electrolysis for Nasal Polypi.—Negative monopolar or bipolar 
electrolysis may be applied with a current of about 20 ma. 

Electrolysis for Ozena.—This must be done under local anes- 
thesia. A pure copper needle connected with positive pole Is thrust 
into the middle turbinated bone, and a steel needle connected with the 
negative pole is thrust into the inferior turbinated bone. The needles 
should be about ate inch in diameter, and should penetrate about 1 meh 
of tissue. A current of from 10 to 15 ma. is gradually turned on, and 
allowed to flow for about ten minutes. It is then gradually turned 
off and reversed for a short time in order to loosen the positive needle. 

Electrolysis for Nasal Deviations and Spurs.—Bipolar galvano- 
puncture of the convex surface with a current of about 4) ma. tor ten 
Ininutes is very effective. 

Electrolysis for Dilated Blood-vessels in the Skin of the Nose.— 
This condition requires many separate galvanopunctures ol the different 
blood-vessels at a considerable number of sessions. The treatment of a 
case may extend over as much 85 4 Vear. st rikingly rood results are 
often obtained. neweae | 

Electrolysis in Vegetative Conjunctivitis or Spring Catarrh.— 
Coeain and adrenalin are necessary to secure complete local anesthesia, 
and if the patient is restless, perhaps a general anesthetic will be re- 
quired. ‘The indifferent electrode (positive, usually, but it makes hese 
difference) is applied to the forehead or cheek. The other electrode & 


nH 


ci platinum needle which 1s thrust Into the different vegetations its close 
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iw possible, and parallel with the surface of the conjunctiva, 
‘ent nsfixed at the same time. Flat: eret ations 
: same needle held pe pencdicular tin 
1 current of from 2 to S&S ma. i uwsed—npot more than 5 rit. 
taht Stroncer CUrrente® Caise pan ne] lacrimation. 

Pansier’ has used this technic successiully. 
Electrolysis in Macroglossia.— When this is due to the presence of 
iohath nuata In the substance of the tongue, repents cl bipolat electroe 
sis under an anesthetic will effect a cure. The technic is the same 13 

r angioma cavernosa (p. a1) ). 

Electrolysis in diseases of the Vulva .—Veertations may be 
treated hy ealvanopunecture, hips Nar OF monopolar, anc with i CUITENtT 
of about 5 ma. 

Chronic folliculitis vulva May be treated by positive ralwene DUC tire 
with much the same technic that ts usec for hy pertrichosis (p. 404). A, 
current of 2 to 5 ma. is applied for five to twenty seconds. 

Electrolysis in Urethral Stric ture.—fort's method of linear electra. 
ivets by means of a necative electrode shaped very much like a urethro- 
tome, and acting somewhat like the blade of a galvanocaut ery, 18 cenerally 
regarded as danrerous and undesirable. A current of from 15 to 50 ma. 
if used. The indifferent elect rode is Diacedd upon the abdomen. 

Ve Coil Fi 's reid Lut of circular el: elrotysis is cote 4 rie eticect ive. at | nel Is one 
of the methe wis of choice. The nerat ive elect rode Is the active One, and 
consists of one of Newman's olivary urethral bougtes, the next size 
larger than the smallest stricture. While the electrode is pressed lightly 
against the stricture, a current of from 5 to 10 ma. is eradually turned 
on—just enough to cause a sensation of warmth and prickling. About 
twenty minutes appl lesation may be re juired . and then this et ricture 
may be found passable by a lareer olivary electrode which mav be used 
to treat another larger strieture. The indifferent electrode is held on the 
abdomen. Too great an effect is not sought at each sess1on—perhaps 
an increase of only one or two numbers of the French scale in the diam- 
eter of each stricture. The eatments are given at intervals of a week 
or two. Dilatation by ordinary sounds is used in connection with 
Newman’s electrolytic treat ment. 

Electrolytic dilatation is the hame given to a method in which me- 
chanic dilatation is the principal factor. though the dilating sound also 
Caries a current of negative electricity. The dilatation may be slow, 
Introducing a urethral sound which is large enough to pass through the 
siricture with a little stretching, and allowing a current of from 5 to 30 
ma. to flow for five minutes or less. The treatments are given once a 
week. The indifferent electrode is a large one placed over the abdomen. 
All but a certain portion of the metallic sound is insulated by varnish, 
The strength of the current and the length of time for which it is applied 

ar an Important relation to the amount of surface provided for the 
electric contact. The proper quantity of electricity for each square 
centimeter of electric contact is about ;4; coulomb, or the amount of 
electricity transported by a current of 2 ma. in five minutes. Caleulat- 
ing the area of exposed metal surface in contact with the urethral mucous 
membrane, and multiplying the number of square centimeters by > 
will give the number of milliamperes of current which should be applied 


‘ Arch. d'electricite med., September 25, 1905. 
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of electrols tic dilatation uses the same streneth 

sound about five numbers (French) larger than the 
TiC Tre. Firm pressure 1s applied, and the sound 

StTICcLure In A re Wiminutes. ‘Two or three different S1Z0S are 

ish se2510T1, anced tl ToCIMENntS Are rive ‘nonce a week. 

Electrolysis for Paopha reat Stricture.— 

rol ‘sis is di ngerous because of risk of inju v 

einer tieT) ele, trolly, es 1s pe rfectly a fe. 

ietallic aentrode 


pi Fie tees 


forts methed of linear 
to neich boring Organs. 


and is performed with an oliv: ary 
adjusted upon a flexible stem, which extends 


2 OF 
and which contains an insulated wire. 
he WW] hole forms an olivary esoph: weal bougie. This is connected with 
the neg ative pole . while the indifferent 1 


bees electrode may be held 
in the patient's hand. A current of 4 or 5 ma. should be gradually 


turned on while the olivary bourie is pressed cently arainst the face of 
the stricture, and in a few minutes the olivary bougie, which should be 
the smallest one which would not pass the stricture, now goes through 
Tres udily. Sometimes the next higher number also may be made to 
penetrate freely at the same séance. Treatments should be given about 
once a week, and the method 1s not applicable to obstruction from 
pressure, as by tumors and aneurysms. 

Electrolysis in Stricture of the Lacrimal Duct.—A Bowman's 
sound, insulated by varnish except at its extremity, is connected with the 
negative pole, while a positive electrode ts held in the hand. A current 
of about 3 to 4 ma. is applied for three minutes once a week. 


ches : he yond the electrode. 





EXAMPLES OF GALVANIC, FARADIC, AND SINUSOIDAL 
ELECTROTHERAPY 


THERAPEUTIC EFFECTS OF GALVANIC, FARADIC, AND SINUSOIDAT, 
CURRENTS. | 
( Cathodal closure. 
Alternating galvanie currents with or 
| Galvanism.; without condensers. 
| Prolonged cathodal application (cateler 
| UPobomius). 
(Successive discharges of the induced 
break current. 
Sucecssive discharges of the primary cur- 


fre eee ra uf ats Pra wits ri it 


et 


| Faradism, 


| 

| 
ralvano- 4 rent at the moment of opening of the 
| faracism. } circuit. 
| Sinwsouial current. 
[ short waves from «a small condenser. 


i 


| Alternating galvanic currents with or without conden- 
|, Sere. 
Ercilomotor.. oe ee 4 Cathodal closure. . 
| Paradism, especially with a short secondary Winding 
rhythmic or isolated waves, or sinusoidal) i 
Galvanolaradiam. er 
Excitosensory J Sameasfor excitomotor, especially faradism, with a long 
| _ Secondary winding and rapid interruption. 
j Galvanism. | Applied to glands which are sufficiently 
ae eae | Faradism..f secessible to receive a strong current 
Feruisire, derivalive, decon- ( Faradism with long secondary winding and applied by 
geative, and combating ir-4+ metal brush. : prot so ta 
_, Pilation or fluxion Saas | Galvanofaradism applied by metal brush 
Vasoconstrictive... 2.2... .Faradism with chort secondary winding. ' 
A secondary effect from Tasoconstrictive applications. 
| Faradism with long secondary winding. | 
| ee phase or sinusoidal currents in hydro-electric 
| | bath. : 
iesoleing, ein a a ary ( Revulsive and vazodilative applications 
Simulating the absorption -« Heat anolied in varique wave Deane hi eae 
i pet ood i l "elated Tan ven ways. Compressed sir-douche 
j Galvanism. ‘ 
| Galvanism with ionization = lantopharesis, 
| General faradization./ 4¥drofaradie or ‘hydrosinus- 
i otdal baths. 
Rhythmic general faradization. 
| General galvanization. (Hydrogalvanic baths.) 
f Cerebral. 
- i] Medullary, 
Galvanization with frequent interruptions with or 
| Without condengers. 
Galvanization of cervical sympathetic, 
| Variations of an electromagnetic field. 


Exrcilovecrefory... .. 


Vasedilative (hypotensive) . . 


* i 2 
a’ cleroly Le n+ « 


Excilonutritive and general 4 Central galvanization. 
or local tonic... - 7 


' Modified from Virgilio Machado's table, Les Application, ete., Lisbon, 191] 
412 
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‘SL ALY SEE Proloneesd Ture | | 
| Crnly nem | Leche murrenits) 
Hydrogalvanic baths : 
Hy drogalvanic 
Undulatary 
Monelie 
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rer ili Hare ci 
CACMAtA, ete. 
2 farudization with wet electrodes 
ki laradization (Stas), 
Oca tarsclization 
byt ro 4 os ai oy = " Li : 
= ondary d inex Oo revulave applications 
| Adee hee cf TO electromagnetic fel, 
) ouch Of air heated by electricity. 
(inin., 
lontophoresis. | Uqumin. 
} Salpew lie, 

: | Radium, Fic. 
Hydrosinusoidal baths in insomnia due to circulatory 
disorders, es 
Ledue currents (experimentally). 
Anodal galvaniem (by electrolysis). 
| Heat produced by electric means. 
[ Prolonged anodal galvanism. 
lontophoresis (copper, zine, silver, ete.) by electrodes 

wet with a solution of salts of theze metals or by elec- 
| | | trodes of the metals themselves. 
Destructive of abnormal is- ( Electrochemical or electrolytic. 

ces os -. | Galvanocautery Jouche of ai 
: | Hlectrothermic.{ Galvanceautery. | Douche of aur 
| heated very hot by electricity. 


== te, ve ee =——— 


Not meluded tn this list, but considered in other sections of the book, 
are the stimulating effects of the static electricity, high-frequency cur- 
rents, electric ight, and electric heat: also the ercilamofor effects of static 
disruptive applications and static wave currents and undulatory dis- 
charges of high-frequency currents: also the ercilosensitive effect of high- 
frequency sparks, Which are preferable to static sparks for this pur- 
pose, and the diaphoretic effect of electric-light baths and dark heat 
baths (Dowsing method): the revulsire effects, etc., of static sparks, 
high-frequency currents, electric light, electric heat, diathermy by high- 
frequency currents; the vasoconsfrictire effect of high-frequency reso- 
nator sparks and energetic effluviation by high-frequency or static 
electricity: the rasodilatire and /iypotensive effect of high-frequency cur- 
rents, and the electric arc bath and other luminous heat haths; the 
the resolving, etc., effect of static wave currents, high-frequency cur- 
rents from vacuum electrodes, electric heat and light locally and as a 
bath, diathermy by high-frequency currents, Réntgen rays; the sclero- 
lytie effect of electric light and diathermy by high-frequency currents; 
the excitorutritive, efc., effect of convective and conductive static ap- 
plications, autocondensation and sautoconduction by high-frequency 
currents, Tesla undulatory high-frequency currents, rhythmic efiluve with 
Tesla-Thomson hich-frequency apparatus, general electric-light bath, 
inhalations of ionized air: also stimulating the means of defense by high- 
frequency autocondensation and autoconduction, conductive and con- 
Yective static applications, electric-light bath, ultraviolet rays, diath- 
ermy: the sedative. etc., effects from conductive applications of static 
electricity, high-frequency effluve, Réntgen rays, blue electric light, 

ultraviolet rays, electric heat, dark or light, diathermy; also Aypnotie 
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‘nile coagulant! effects from fulguration: also ans. 
ultraviolet rays, bigh-lrequency effluve, static 


i 
uciive effects from electrothermy by the de Forest eold 


i= i ' | a a 
mthermy and electrocoagulation, cautenzing arc of the 


high-frequency apparatus, high-frequency resonator 
uleuration), and the desfructice effect of concentrated heh 
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GENERAL INDICATIONS FOR THE EFFECTS OF GALVANIC, FARADIC 
AND SINUSOIDAL CURRENTS (Machado's Table). cae 


( urable central paral ses. 
: (curable Peripheral paralyses eanial PHureses, 
| Atony or mvasthenia of sf nped and unst riped museles. 
Curable central paralyses of senzation and hyperes- 
cerca - theas and ane=thesra, wie aa 
(urable peripheral paralyses of sensation and hyper- 
L mthesia and Anesthesia, 3 
hrcvosecrs ory Ses ; .._Lacteal, seminal. etic.. hy posecretion, 
| caconArictive . . .. Erythema, pruritus, etc. 
L FL. Fapecinlly iT} Pet ee pe ct hich arteria| ternebon. 
fei, deripaine, counier- { Int armmations in the stage of resolution. 
aden ered ! Arthritts, especially blennorrhagic, metritiz, Woe 
1 membranous cohtis, myelitis, neuritis, phlebitis, ete. 
dD: L Rheumatism, edema. byirarthrosiz. sprains. 
METRIC... ea, ........Fibrinous anchylosis, pleuritie adhesions, ete. 
| Bradytrophia, e=pecially arthritism. showing itself nas 
__ ROUE, diabetes, obesity, PLC. 
Neurasthenia with depressed nutrition. 
: Convalesrence irom prolonged wliness, especially if im- 
| leclive. } 
| Varieose ulcers, muscular atrophies, trophoneuroses of 
| the skin. 
Sedative in generat........ { S¥denham’s chorea. 
i Hysteria of hyperexcitable type. 
f Neuralgias produced by curable lesions. 
Anolossce } Neuralgias of a toxic infection of dyscrasic origin. 
z | Hypersthenic dyspepeia, gastralgia with hyperchlorhy- 
dria, lumbago. 
Antispanmodic......... Contractures and cramps in certain neuroses. 
| Intestinal spasm in enteroneuroses, etc. 
| Aneurysm. 
eee 4 ADP IONE. 
& \ Ny VUES, 
Sng = the natural ( Tuberculosis of « slow type. 
means of defense of the or-+ Arthritic toxemia. . 
Garitam. | Infection and autc-intoxication. 
J Various dermatoses. 
** | Wounds, ulcerations, ete. 
Destructive of abnormal tis- { Traumatic gangrene. 
ee | Diabetic gangrene. 
cg { Lupus, ete. 


( Ad eniths. Rant rave chiefly 
ficated. 


irritant, 


LOnIrty, 


FEratan wires and fonic 


Coagulant af the bland. 


Antiseplic or germicide 


Alrophic | ... % Glandular tumers. iicated 
| Fibromata and other neoplasms. ae | 


Gonorrheal Rheumatism and Galvanic Currents.—Billinkin' cured a 
case of blennorrhagic arthritis of the wrist by heavy galvanic currents. 


' Bulletin officiel de la Société Francaise d'électrotherapie, June, 1005, 
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ire in four or five days. ¥ momediate relief and 
Delherm’s method is tao apply 

: iT Tron thirty tO SIXTY TL bes, Large electrodes até nlsecd at de 
cides ol the joint. It should be commenced + P iced at the two 
acute inflammatory febrile stage. There rena ae ecInning in the 
The pain, fever, and swelling disappear, Mukélacets-ccovece) ors 
the Trea ment 15 berun At this early stare. At Liter zis ‘1 ame 
stages the treat- 


ct 


a Dermanent 


4 CONLINUOUS current of 60 to 100 nis 


ment 15 HO’ QUIke 20 effective, but still does a great deal of rood. 

Heavy Galvanic Currents in Acute Gout and Rheumatism. — A cur 
rent of 110 ma. may be applied for twenty minutes from a laree ~0si- 
tive electrode on the dorsum and a large negative electrode on the sole 
ol Lhe foot. A hve-minute application of sinusoidal CUIrTents nik 4 
strength of 15 ma. is a desirable termination to the treatment. Billin- 
kin! reports the cure of such an attack in two treatments. 

A current of 50 to 30 ma. from two large electrodes applied to the 
Knee In a case of acute rheumatism of that joint effected a cure im three 
or four days. 

Flectromechanotherapy (p. 468) 1s of value in some cases of chronic 
articular rheumatism, because of the increased respiratory exchanges 
produced by electric exercise.’ 

Faradic Currents in Hydrarthrosis of the Knee.—/Plancts 
method is to stimulate all the different muscles of the thigh in SUCCESSION, 
keeping one electrode at the upper and outer part of the thigh, and 
applying the other to the different motor points in succession for arent, 
seconds. This part of the treatment is very painful. The ele The 
are then applied at either side of the patella for five minutes. ili: = 
claim is made that a cure is effected In a few day ia without Botts oa 
tinn and that ry ae * ‘mmediste benefit. rT he ODj,ECt fon is the ar : 

Danger of Galvanic Currents in Tubercular. eens Gea 
Current is to he cautiously apple bal tubercular arthritis and ina pa 
who has tuberculosis of any otmer Organ. ante ie 

Faradic and Galvanic Currents for See both sides of 
galvanic currents applied from large eee con See en bee 
the joint have been considered the method of ¢ mee ea (op. 563) 
used the milder high-frequency currents bg Ce rapeon and as strong 

A faradic coil with fine wire and See <i the treatment of hydrar- 
4 current as can be tolerated, may be used mm 6 


7 rsh = : re rye ry Vit tho. ' = = 
thresis. This, however, 15 2 painful me f the muscles about a joint 


, = ar * dJization of 3 a 
Rheumatoid Arthritis—Faradization O° atrophy and re- 
affected with rheumatoid arthritis pre‘ ents muscular atrophy 
lieves pain. 

| , a ic, April, 1M. 
! Bulletin officiel de la Société Frangan, ser ann sis 
1C R. Acad. des Sciences, cliii, 129, July 19, 
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LROTHERAPEUTIM INDICATIONS LA SKIN DISEABES. 
(Virgilio Mlachado's Classification 


Falling of the hour, alopecia, atonic ulcers, scleroderma. 
f Prorigmoue dermatoees (lichen, prurigo, eezema, herpes 
| noe Tet 
Lrytnemata. 
iula= f 
1of- Edemata following contuspons., 
I 
| Dermates= due to general nutritive disturbance. 
_ Locahzed trophoneurotic dermatoses. 
Sentic WoOUMis, ulcers 
Elephantiasis, ecertam Varieties of eczema, nevi, 
4 anpiomata, hypertrichosis, alopecia arenta, sclero- 
( deri, acne. 
f Galva POCaUtery. { Lupus, certain varieties of 
: High-frequency sparks ) ¢pitheliomata, phagede- 
| Electrothermic 4 Static sparks. | mc ulcers, Rontgen-ray 
| ulcers.) ; 
| Compressed air heated by clectricity. UWleers. 
| Blectrophototherapy,{ +4PUS, cspecially vulgaris or tubercular, certain 
‘= epitheliomata; many superficial skin diseases. 
[ Epitheliomata, especially superficial, sarcoma, 
| redent ulcer, lupus? elephantiasis, mycosis 
fungoides. JKerion celsi, acne rosacea, acne 
vulgaris, acne keloid, syenais irambesiformis, 
Tinea favosa, onychomycosis favoea, tricho- 
phytina, lichen simplex, lichen ruber, and 
acuminatus. Syeoss, furunculosis nucha, 


| Fleetrolytae. 


Alrophic or, 


gr eee i, 1 
Dest Pie Behe oe 
| 


| seborrheic eczema, alopecia areata, nevus vas 
| eularis planus. Ichthyosis, pemphigus vege- 
| tans, psoriasis, neurodermatoses, scleroderma, 
pruritus, herpes zoster, herpes tansurang, 
| prurige, trichorrhexis nodosa, scrofuloderma, 
hyperidrosis, Veruca, Verrilca Nec#rogenics 
(cutaneous tuberculosis). 
( Cleerations (salicylic or zine iontophoresis). 
Secondary infections from eczema and other secreting der- 
matoses, 
Epithelioma, acne, furuncle, fistula, carbunele (zine ionto- 
lontophoresis.........4 phoresis; anode of amalgamated zine “requires a general 
anesthetic and has no advantage over z-ray"’). 
Alopecia areaia (zine or copper rad Maia 
| Falling of hair, sycosis, tinea, fistubr, verruca (copper or 
Magnesium tontophoresiz). 
me ; | Nevus, small epithelioma, hrpue, leukoplasia, acne rosacea. 
Radium therapy ..*  Keratosis, acne, eczema of a lichen type. 
| Keloid, psoriasis, verruca. 


| Kontgenotherapy 1 microsporia, hypertrichosis, chronic eczema, 
| 


_ Electricity in Skin Diseases—Effluves from static or high-tension 
high-frequency apparatus are excellent for erysipelas and suppurating 
wounds and ecchymoses and contusions. 

_ eleroderma may be treated by central galvanization, and its local- 
wed forms, like morphea and Dupuytren’s contraction, by local ralvanic 
currents. For scleroderma circumscripta, two electrodes are at opposite 


' Machado says to “excise as early as possible: apply a plaster of fibrolysin to 
the indurated nodules, and that some radiologists have been cured by fulguration.”* 
Prevention is imperative (5S. T.). 

7 "In lupus and other skin diseases, phototherapy is often associated with the 


=-rays, and both are sometimes aided by senzibilization of the skin with eosin or 
fluorescin. 
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—_— nrurigd, ecsemd, urticaria, and fichen, all these diseases being 
nervous origin. Hydro-electric baths are excellent im all 


The galvanie current locally relieves the itching of lichen 
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these Cases. 


ruber. es ; : : 
Perforating ulcer of the foot has been cured by faradization of the 


posterior tibial nerve, high-frequency currents (p. 563) also being useful, 
and erythromelalgia and symmetric gangrene have been successfully 
treated by the local application of galvanic currents. 

Electrolysis in its applications to cutaneous lesions is referred to 
elsewhere (p. 409). 

The resolving effect of the galvanic current makes heavy currents 
of this kind valuable in keloid, mycosis fungowles, elephantiasis, and in 
meolrices following burns. ; 

Alopecia is treated by faradization of the scalp. The author has 
had excellent results from the application of sponge electrodes, but has 
less confidence in the application of electric brushes and combs. The 
latter have their use, but it seems as if the combing and brushing could 
be better done separately from the application of the electric currents, 
and as if a sufficient strength of the latter to do much rood is disa- 
ereeable or painful if applied by brushes or combs. 
~ State electricity is valuable wm skin diseases, especially on account 
of the anesthetic effect of the static breeze or effluve upon such lesions 
ax pruri{us, eczema, and lichen. The general effeet of a static bath ts 
also excellent in these cases. The same efiiuves are valuable in jrost- 
bile, radiodermatitis, psoriasis, impetigo, acne, lupus erythe matodes, and 
furwnculosts. 

Static sparks give good results in keloid and other localized sctero- 
derma and morphea. : 

Static baths and effluves and sparks have been recommended tor 
alopecia, but the author's experience with state electricity has led 
him to regard it as an application which is rather apt to cause the hair 
to fall out. The number of patients who have complained of this 
symptom in the course of a series of treatments by the static bath with 
an effluve applied over the head makes it seem as if It were not a mere 
coincidence. A number of static sparks applied to the scalp seem a 
bet ter method for treating alopecia than several minutes’ application 

ol the static breeze. 

Varicose ulcers and sluggish wounds may be stimulated by the 
application of static sparks, and the wound left after curettage for 
lupus may receive static sparks as a germicide. 

Pruritus Vulee—The best methods of treatment are by the z-ray 
and radium. Other valuable methods are the incandescent electric-light 
and the static breeze. 

eh frequency Currents in Skin Diseases.—This is described on 


Herpes Zoster—Treatment by Galvanic Currents at an Early Stage.— 
At an acute stage treatment may be applied by a positive electrode 
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applied along the spine at the level of the emer 


r Taen : r 
and by a nerative electrode covermne all the 


\ perve-roots wee : a 
current of 6 to & ma. i apphed for twenty-five or thirty 


The disease is sometimes cured in forty-eight 


‘ry other day. ! 
it leaving any subsequent 

caster OCCUITINE during a course of treatments by 
cy currents was cured by Petit" by the application of heavy 
Fi ents A nositive electrode measuring 15 by 16 cm. eov- 
the posterior roots of the nerves in question, while a negative 
electrode of the same size covered the side of the chest and the three 
groups of vesicles A eurrent of trom 60) to 70) Mma. was eradually turned 
on, allowed to flow for ten or thirteen minutes, and Fradually turned 
off. There was some relief from pain immediately, and a cure was 

effected by eight daily treatments. 
Furuneles and Anthrax Treated by Galvanic Currents.—Nerative 


palvanopuncture with a current of 5 or 10 ma. for five minutes clicctive. 


lt usually requires the use of et hyl chlorid for anesthesia. If A zine 
necile is used, the positive wire should be connected with it to Secure 
the benefit of zine lonization. 

X-ray in Skin Diseases.—This is of the FTCALESt Importance, ani 1s 
referred to on p. 600. 

Phototherapy, including treatment by the ultraviolet rays, is in- 
valuable, 

Obesity.—Rapidly Interrupted Galvanic Currents—These currents 
have a powerful effect in slowing the development of growing and caus- 
ing emaciation in adult animals. It may be that they will be found 
useful in the treatment of obesity. 

Simultaneous Faradization and Vibration in Obestty.—One electrode 
is stationary upon some indifferent part of the body. The other wire 
from the faradic coil passes to the metal ball used as the vibrator, and 
the latter is covered with damp cloth. The current should be st rong 
enough to tetanize the muscles. The coil has coarse WIFre. 

Bergonié’s lreatment af Obesity -—A faracic coil. with a ratio of 
about 1 in the primary to about 3 in the secondary, is used, and the 
primary current is considerable, say 23} amperes of 24 volis. The rate 
of interruption is about 30 per second. This current is rhythmically 
applied 100 times a minute by means of a metronome and after half the 
time it is turned off and reversed. Three electrodes pass from one pole 
to the back and the undersurfaces of the thighs. From the other pole 
Wires pass to a number of rheostats. and through them to different large 
semicylindric electrodes back of the calves, front of the thighs, abdomen, 
and arms (twelve in all). These are held in place by rubber bracelets or 
by sand-bags all the Way up to a total weight of 200 pounds. The cur- 
rent density is only .01 ma. per square centimeter. A hot wire mil- 
hamperemeter shows a total current of 25 to 30 ma. foran ordinary 
man, some fat and muscular women requiring 70 or 30 ma. Treatments 
last from twenty to forty-five minutes daily. Damp towels cover the 
electrodes and the patient has on a light dressing-gown. The best and 
most permanent rate of reduction is 24 or 34 pounds a week. 

Cephalic Electrization with Heavy Galvanic Currents in Obesity.— 

This application has been found to produce a los: of weight, which is 

' Annales d'clectrobiologie, April, 1906. : 

*Electrotherapeutics for Practitioner, Francis Howard Humphris, London: 
Longmans, Green & to, 1913, p. LO. 
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it a successful means for treating obesity. and to 


: i a " b r, « 5 omg E 
make it Undesirable in cases of malnutrition, debility 


, , OF Cachexis. 
The current must be applred in such a Way as to avonl shocks or 


Raynaud's Disease.—Treatment by Galvante Currents.—This is 
ften successful, and consists in daily applications of half an hour's 
uration, and with a current of 10 to 20 ma. The positive plate elec- 
le is placed at the nucha, and the limbs affected by the local asphyxia 

rt nlaced In a negative bath. j 

Faradization in Chloroform Syncope.—aA classic method has heen 

the stimulation of the phrenic nerve in the neck, the other electrode being 
appli doin the region. of the diaphragm. The respiratory movements 
thus provoked are unilateral, and special electrodes are required for the 
nerve. 
The method introduced by Villett' 1s a bilateral rhythmic stimulation 
of the pectoral muscles. The patient's arms are held behind his head. 
and the two clectrodes are applied at the outer third of the two pectoral 
muscles. A deep inspiration i produced. On removing one of the 
electrodes expiration ensues, which may be assisted by pressure upon 
the sides of the chest. The stimulation ts applied fifteen or twenty times 
during the first half-mimute; later the stimulation is made at such times 
as to amplify the spontaneous movements of respiration. 

Electricity in Incontinence of Urine.—Steavenson’s method is to 
apply a constant current of 10 or 12 ma., with the anode at the perineum 
and the cathode in the lumbar region. 

Guyon’s method is to apply a faradic current by means of an elec- 
trode introduced so as to reach the sphincter vesicw, the other elec- 
trode being at an indifferent recion. 

Bordier’s method ts to apply static induced currents by means 
of Guyon’s sound. The patient t not imsulated. The sound is intro- 
duced and connected with the external armature of one of the Leyden 
jars, and a series of short sparks is allowed to pass between the prime 
conductors of the static machine. Each shock is accompanied by a 
contraction of the sphincter. Treatments last five minutes and are not 
painful. Two applications a day are best at first; later, one applica- 
tion a day. 

Marques? uses a little different method. He applies a cylindric 
hegative electrode covered with wet cotton to the vulva and the urethral 
orihice in girls, or to the perineum in boys, while the positive electrode 1s 
applied over the hypogastrium. A constant current of 10 ma. & apphed 
for ten minutes, and this is followed by two or three minutes’ application 
Ol The same st rengih of current Interrupted SIXty times a minute by the 
metronome (the rhythmic rheotome used by the author, p. 474, & a 
simple device). 

fsolated Induction Shocks for Incontinence of f ‘rine.—RockwelP 

clieves that better results are obtained with these than with galvanic 
currents. One electrode is placed upon the abdomen or sacrum; the 
other is applied to the perineum in very young children, but better 
results are obtained when an olivary electrode ean be introduced into the 
urethra and the current applied to the external sphincter. Separate 
. Presse med., September 13, 1905. 


? Arch. elect. med., Septermber 25, 1006. 
7 Medical News, December 9, 1905. 
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ode. using a faradice current with very slow interrup- 
weak current; or the positive FaAlvanic 


hich-frequency currents. Statice clectricity 1s useful in neur- 


by a rectal elect 
fions. coarse wire, and a ver 
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asthenic Ca=e3,. : 8 ‘ 
Spasmodic Stricture of the Esophagus.— | his condition is treated 
by faradization applied bv means of an esophageal electrode, and one at 
same indifferent place. A series of currents may be apphed to pro- 
duce motions of deglutition, and in this way to relax spasm. A coarse 
id slow interruptions are used with a moderate strength of 


wire coll al 
current. 

Percutaneous Electrization in Gastric Diseases.—A considerable 
number of observers doubt the efficiency of intragastric clectrization, 
and it is certainly difficult to apply, as well as disagreeable to the patient. 
By percutaneous electrization is meant the mfluence upon the stomach 
from electric applications made to the skin over that organ. 

Secretory funclions are best influenced by faradization. One elec- 
trode is stabile at some indifferent point, and the other is labile over 
the gastric area. A fine wire coil and rapid interruptions are used with 
the strength of current which proves most arreeable to the individual 
patient. | 

Motor functions are influenced by galvanofaradization, and the best 
way of applying it 1s by means of the rhythmic rheostat and pole changer 
described on p. 470. Quite large electrodes are used. One covers the 
gastric area, and the other is between the shoulder-blades. A galvanic 
current gradually begins to flow in one direction, and attains a strength 
of 20 ma., and then gradually diminishes to zero, and gradually attains 
a strength of 20 ma. in the opposite direction. The same changes take 
place in the faradic current, but the change in strength is more important 
than the change in polarity. The faradiec coil should have coarse wire 
and slow vibrations, and the strength of the current should be such as 
to cause marked contraction of the abdominal muscles at the height of 
each wave of current. The oscillations of the current take place at the 
rate of irom twenty to sixty a minute, depending upon the sensations of 
the patient. 

Motor functions are also favorably influenced by the static in- 

duced current. The external armature of the Leyden jar at the posi- 
tive pole i grounded, while the other is connected with a metallic 
electrode applied to the skin of the epigastric region. The patient & 
not insulated. The spark rods of the static machine are from 2 to 6 
Inches apart, and the machine is rerulated to produce Seven OF eizht 
sparks asecomd. Bordier makes the application to three principal points: 
(1) in the median line, a little above the umbilicus; (2) a couple of Inches 
to the left of the median line and a little above the level of the umbilicus; 
(3) a little above the left anterior superior spine of the ilium. Strong 
vible contractions occur, and the patient feels a shock at cach spark 
between the discharging rods of the static machine. The treatment 
laste fifteen or twenty minutes, and is given every day or every other 
day. Dilatation of the stomach is cured in six weeks or so. 
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Mmiyfluence Of intragasirice ftecimzahon.—F rence has Minde a 


t observations from which he concludes that no specific secretion 


; ited, but that a thin, more or less acid mucous secretion takes 
Atonic Dyspepsia. This may be treated by intragastric rhythmic 
ralvanic Currents oF falvVanotaraclization. 

Galvanic Currents Applied to the Pneumogastric Nerve in 
Stomach Troubles. An electrode may be applied over cach Deum o= 
gastric nerve at the base of the neck, and a current of 5 or 10 ma. is 
applied for five mimutes, with occasional reversals. This may cause the 
(disappearance of nausea, vomiting, and regurgitations in cases of dys- 
pepsla, WIth Symptoms Surrestive of cancer. - 

Electricity for Habitual Constipation and Membranous Colitis. 
—Slight cases yield to the static bath, static breeze, or static sparks 
in the iliac fosse. The sparks are for the atonic, the breeze for the 
spasmodic, variety. 

Grave cases of atonic constipation may be treated by faradiza- 
tion, rhythmically reversed galvanic currents, or the Morton wave cur- 
rent. These may be applied to the skin or to the skin and intestine. 
Grave cases of spasmodic constipation and enterocolitis are greatly 
benefited by faradogalvanization. The galvanic current is about 100 
ma., and 1s not interrupted or increased, the faradic current being a 
mild one from a col of fine wire. One very large electrode is over the 
abdomen, and another is over the back. 

Diarrhea yields to applications of glass vacuum electrodes from 
the Oudm resonator apphed over the surface of the abdomen. 

Faradization is also excellent; a very large electrode covers the 
abdomen, and another the lumbar region. The current ts from the 
eoil with large wire, and the interrupter is arranged to cause a rapid 
trembling of the abdominal muscles, not a tetanic contraction. 

A case of severe chronic colitis and dysentery successfully treated by 
the z-ray and high-frequency currents from vacuum electrmles is de- 
scribed on p. 590. | “es 

Electric Intestinal Douches—The stronger currents are useful in m- 
testinal obstruction and occlusion and in lead colic. They are regarded 
a5 an emergency treatment, intended to provoke a movement of the 
bowels at any cost. They are not suitable for repeated application 
because they would produce spasmodic constipation. | | 

A suitable instrument is a soft-rubber rectal tube, which covers 
the electrode and also transmits the liquid. No part of the meta 

comes in contact with the flesh. From 1 to 14 pints of salt water 
if introduced. An electrode measuring about 5 by 6 inches & place 
over the abdomen, and a constant current of about 30 or 40 ma. & 
gradually turned on. Then the current is suddenly reversed, anil 
allowed to flow in the opposite direction for one or two minutes. These 
reversals and periods of constant flow are kept up for twenty or, thirty 
minutes. The patient may then try to have a movement. This may 

! Rabinovici, Thése de Paris, 1907. 

2 Arch. f. Pathol. uw. Plrysiol., May, 105. 
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hours. | 
Torpor recti, & condition of chronic Constipation with feces Always 
aresent in the rectum, but failing to stimulate evacuation 15 successfully 
ectrie douches with the external electrode sometimes over 


lexure and sometimes over the cecum. The current flows 


the effect is sometimes delayed for several 


treated hy ie 


the sigmoid { 


in the same direction for ten minutes before being gradually reverse 

The Apostoli Method for Uterine Fibromyoma.—The author 

methal called it electrochemic cauterization of the mucous 
and the results he obtamed were the production of a new 


mucous membrane, with a greatly reduced tendency to 

and often a reduction in the size of the fibroid tumor. He 

, sent writer an opportunity to examine some of his cases in 
Paris tn 18¢ The tumors had become much smaller, and there was a 
‘mptomatic cure. Complete disappearance of uterine fibromyomata 


under this treatment occurs in only about 10 per cent. of the cases 


A galvanic current of 60 or 70 ma. is usually emploved, but in 
certaln as weak as 20 or 30 ma. or as strong a current as 100 ma. 
or more is used. The active positive electrode has a platinum or carbon 
olivary tip and an insulated stem. It 1s applied successively to all parts 
of the mucous membrane of the body of the uterus, but the internal os, 
the cervix, and the external os are protected to avon the msk of cica- 
tricial contraction. The indifferent negative electrode Is usually a large 
clav or kaolin electrode placed over the abdomen. ‘The application lasts 
about five minutes. Besides the electrolysis of the mucous membrane 
there is a trophic effect upon the tumor tending to cause a return to 
normal conditions. The latter effect is best obtained in intramural 
and submucous fbromyomata. Subperitoneal tumors are often very 
little affected by the current from an intra-uterine electrode. Galvano- 
puncture is suitable for some of these which are suprapubic or which can 
be reached through Douglas's cul-le-sac. Care is taken im each case to 
avoid coils of intestine and to apply the current exclusively in the sub- 
stance of the uterus. The needles are to be insulated where they pierce 
the vagina or skin and the parietal and visceral peritoneum. 

| fhe Final Hesulls of the Electric Treatment of Ciertine Fibroma.— 
Massey’ has traced the results for three vears after treatment in 101 
cases, among them were 18 cases In which the tumor had disappeared ; 
26 cases were failures. 

Interstitial hemorrhagic fibroids are the most favorable, and the 
submucous variety also yields good results. The subserous variety, 
especially if pedunculated, are less certain. Fibroids complicated by 
prosalpinx and other suppurative or inflammatory conditions are not 
entirely safe to treat in this way. : 

Electricity in Sterility Due to Atrophy or Imperfect Develop- 
ment of the Uterus.—Rhythmie undulatory galvanic currents with 
alternations, applied from an abdominal electrode and a vaginal or an 
intra-uterine electrode, and a maximum strength of 15 ma., are excellent. 
The author has had success also with high-frequency currents applied 
from a vaginal vacuum electrode with a double stem, which insulated 
all but the portion in contact with the cervix and Douglas's cul- 

‘Jour. Amer. Med. Assoc. May 21, 1904. 
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ma., amd the faradie current is from a coil of fine wire. 

The application lasts about ten minutes. 

Electric Treatment of Asthma.—The positive electrode is the 

1 and measures 24 inches in diameter. It 1 placed first on one 
‘neck and then on the other; then at the side of the trachea, 
at the lower attachment of the sternomastoid. It is momt- 

The negative electrode is a larger one. 


and is placed either at the nape OF the neck or, inae 


| with plain Wht Water. 


—. 
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S56 Of tuberculous 
pseudo-asthma, it may be placed over the upper part of the lung in 


the chest. The strength of the current is from 10 to 15 ma.. 
be rhythmically changed from zero up to this strength. This 
ozciiiation should take from five to six seconds. The treatments last 
from ten to fifteen minutes, and may be applied two or three times a 


ba | 
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Expectorant Effect of Galvanic Currents.—lhe negative elec- 
trode is placed at the back of the neck, and the positive first on one side 


and then on the other, at the border of the sealeni; or the positive 
wire mav be branched and lead to an electrode on each side of the neck. 
The current is to be 2 or 3 ma. with one anode, or 4 or 5 ma. with a double 
anode. and is to be a constant current for about three mimutes. 
 Stembo! has found that this application will provoke cough and 
profuse expectoration where medicines fail. He has used it successfully 
in bronchitis and bronchopneumonia. in : ; : 

Ear Diseases.—Stimulation of the Facial Nerve in the External 
Auditory Canal for Dry Otitis Media.— Rhythmic faradization strong 
enough to cause contraction of all the facial museles is supposed to 
exercise the muscle of the atrium, and consequently prevent ankylosis 
of the articulations of the ossicles. According to Bergomié and Roques, 
this treatment often improves the hearing. 

Rhythmic ralvanization acts in the same way. | 

Simple Galranic Currents tn Ear Diseases.— The negative pee 
is an olive electrode with a flexible msulated stem; It 1s passed through 
an Fustachian ratheter into the middle PAF. The POSILIVE elect rele 1 
applied at any indifferent place, such as the hand. A current Rea 
2 to 6 ma. ts applied for five or ten minutes. It should be ore . tits 
of gradually. Tubotvmpanitié al all stages and hy perp pone a | nt 
deafness, and roaring in the ears are greatly benefited. fee pate: “Th 
has some effect upon the auditory nerve and the cerebral earache as to 
occurrence of too much vertigo would be an indication for caution 
the strenmetl x rent. F | m 

* Galne dieu ace in Lumbar Sprains.—A negative elect ot 
measuring 3 by 5 inches 6 applied To se seein of the lumbar region, 
and « similar one to the insertion of the giutet. te ee 
| ; he calaata cna ‘« 10 or 12 ma., and the faradic coil with fine 
bar nearer Sire of the abdomen. is useful in the creation = 
arterial hypertension.’ 


' "Therapie der Gegenwart, IH. aa 
P Arch. d'electricite medicale, August 10, 1000. J Amer. Med. Assoc., 
'Doumer, Acad, des Sciences, Paris, August, 1012; Jour. 

September 14, 1012, p. SiO. 
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126) is applied for fifteen or twenty minutes. 


HYDRO-ELECIFIC BATHS 


: Raths which simply form the electrodes, as in the four-cell bath, 
require only a word at this place. The liquid may be a very weak 
alution of sodium chlorid with a small amount of glycerin added to 
nrevent irritation of the =kin at the surface of the liquid. [If no such 


ee is taken, a ring of redness 1s produced around the limb. 
it junction of air and liquid. It Is apparently due to oxidation. 
We. “aring a stocking or a gauze bandage : extending an inch or two above 
and below the level of the li quid wil also prevent this irritation. Baths 
like these are employed principally a8 a very convenient means of 
supplying a perfect contact over a large area for the transmission of 
rather heavy currents, but not, as a rule, for the heaviest currents. 
B. Single large baths (Fir. 202) In which both the electrodes dip into 
the liquid and in which the patient’s body is immerse d, cause the trans- 
mission of a part of the current throu gh the patient, while about twice 
as large a part passes: through the liquid from one pole to the other. 
The liquid may be plain warm water. The addition of a little sodium 
chloria or sodium bicarbonate, or anv other medicinal substance, in- 
creases the conductivity of the liquid and reduces the proportion of 
the current which passes through the pat lent. The electrodes s had better 
be flat pieces of copper or carbon enclosed in a lattice work of china to 


Fig. 262.—Hyidrcoelectric bath 


prevent contact with the patient. The tub mav be made of wood, glass, 
or porcelain, an ordinary metal-lined tub being unsuitable. ‘There 
should be no metal outlet pipe connected with the ground—it should 
open in the air. The inlet pipes should not dip into the liquid. It 
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i Ls im different prote , fier clectrocdes claao in the 
I shoulders one oF hath | oe ies Oe OF both fait en OF the 
des of different sizes and shapes will be found us 

may be made of perfectly e sane lediren. There muat 

qre S] f metal exposed to contact with the hquid: practically 

urrent would travel through the metal instead of the patient 
A wooden or enameled iron bath-tub has one advantage over stone or 
narcelain. The latter feels stone-cold to the patient wherever his flesh 

touches it, while the two former assume the temperature of the water. 
: General Bath Divided by a Diaphragm (Fig. 283) —This ig an 
lient which 15 not apt to give much 8: atisfac tion. The idea is to 
two portions of liquid se parated by a partition with a h le through 


ich the patient ‘s body passes, but around which the partition is 
by metically sealed. Klectrodes up into the two portions of liquid. 
ama the entire streng th of the current is supposed to pass through the 
patient's body. 

It is sometimes desirable for the patient to hold one electrode, which 
may be a metal handle, laid across the bath-tub. and upon which his 


= 


hands may rest. The other electrode, which may be single or multiple, 


—— = . 
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Fig. 283.—TDub for electrotherapeutic bath. 


dips into the water. It may be placed near any part which it is desired 
cspecially to affect. 

The switeh-board for elec ‘tric-bath currents should be so constructed 
lat placi ne metal plugs in difierent holes will connect the cathode 
with any or all of the different electrodes, and the same way for the 
atic For instance, the negative w ire may be COD ReCeN with the 
electrodes near both hips, and the positive wire with the bar ele ectrode, 
on which both hands rest, or the negative wire may be connected with 


4 single large electrode near the feet , and the positive with one near 
the shoulders, 

_ ‘ shovel electrode with an insulated handle is useful for localizmg 
He current (Fig. 284). It is connected with one pole of the battery anil 


| 
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Fig. 234.—Shovel electrode for hydro-electric bath. 
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nperemeter is required to measure currents up to ou) ma. 

: nurposes; and up to 2 ampe nes in a bipolar bath of 

lution and other medicinal solutions. The electric resistance 

of these solutions is so small that a much larger fraction of the current 

will pass throuch the liquid, ard A SLrOnfer total Current ix required! 

in order to transmit the usual amount through the body of the patient. 

This does not apply, however, when the patient holds one electrode 

which is out of the bath-tub. Then all the current indicated by thi 
milliamperemeter traverses the patient's body. 

Faradic or Induced Currents for Electric Baths.—The ordinary 
faradic coil has too great resistance for this work, owing to the thousands 
of turns of fine wire through which the secondary CUrrEnT Must pass. 
The necessary apparatus consists of a primary coil of coarse wire. with 

Im interrupter. The discharge which is scnt 
- bath is of the same extra current that is utilized for licht- 
ng gas-jets by electricity. This is a current of self-induction in the 
primar cou. There is no secondary coil. A battery of three Or tour 
wet or dry cells is sufficient for this purpose, or a suitable strength of 
current may be derived from the direct electric-light circuit. The ad- 
justment of the induced current is twofold: regulation of the number 
of turns utilized in the primary coil, and regulation of the position of the 
ironcore. Drawing the latter out of the primary coil makes the induced 
current weaker, and alters its character. making it less harsh, just as in 
the case of a faradic coil. 

Intermittent Claudication.—A case of this disease without any per- 
ceptible femoral pulse and long inability to walk was cured by W. 
Kubn.' The faradic current was applied to both legs by a four-cell bath. 

Currents Employed in General Hydro-electrotherapy.—Galvanic 
and faradie currents are largely employed. 


Fig. 285.—Undulatory currents. 


Sinusoidal, undulatory, and triple-phased currents are especially 
effective. ; 
Undulatory Currents—These are unidirectional, and increase and 
diminish in 4 regular curve (Fig. 285), similar to portions of a tracing 
made by a sinusoidal current. 'T hey are used in the same periodicity 
estes as the sinusoidal currents, whose effects are also very 
imilar. 3 
Sinusoidal Currents.—The name is derived from the sinusoidal curve 
formed by 4 graphic record of the current. ‘T his resembles a semicircle 
above the zero line continued in a semicircle below that line. The 
current, theref ore, iS an alternating one with a gradual change of strength 
and direction. In the Wappler sinusoidal a paralus, one of the types 
employed by the author, the direct 110 vaste electric-light current is 
reduced to a certain maximum limit by a volt controller and a rheostat, 
which are set stationary for each treatment. There is also a rheostat 
in the shape of a drum-shaped spiral of wire and an electric motor moves 


! Zentralblatt {, Chirurgie, April 26, 1913. 
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MAXIMUM in one di : 

flow in the same direction For TAnyY Dros 

7 PAO Current at 15 or 20 or. possibly, 25 milli- 

anc each complete cycle occupied ahwiint hive SCCOncds. The 

nt is applied through wet electrodes. usually by means of a four- 

bath, for ten or fifteen minutes. This may be called a slow sinys 
oidal current. 

The Mcintosh polysine generator, also in use in the aut hor’s office, em- 

ploys power derived from the electric-light current. Either alternating 

Or direct current i employed to Tun a small aly nO renerating an alter- 


Fig. 256.—Polysine generator for sinusoidal, galvanic, and other currents. 


nating current of the sinusoidal type with a periodicity of from 12 to 
1800 cycles a minute. The polysine generator also delivers different 
other types of current, including the direct galvanic current. | 
The author finds the slow sinusoidal current preferable for a local 
effect upon muscles and nerves in paralysis, spastic conditions, and 
neuritis, | 3 
The rapid sinusoidal current is an exceedingly valuable therapeutic 
“gent in heart disease, for which it is usually applied as a hydro-electric 
bath. Either a full bath or a four-cell bath may be employed accord- 
ing to whether or not the general effect of the full hot-water bath with 
OF without carbonic acid gas is desirable. The benefit in heart disease 
is demonstrable not only in relief from oppression, but also in more 
natural sphygmographic and electrocardiographic tracings and other 
“proved objective signs. ‘ | 
In any apparatus for hydro-electric baths it is absolutely essential that 
there shall be no direct connection of the patient, or the water in which he 
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ed, with the electnec-heht current. This would be dangerous in 
isc of grounding through the water-pipes and elsewhere. 


7 Smith, of Marbach on the Bodensee, is to be cereclitec] with the intro- 


tion of sinusoidal currents into therapeutics, 
strubel’s “das Wechselstrombad” is a mine of information. not only 

in regard to his own use of the sinusoidal current. but of other recorded 

observations. It is the authority for many of the following statements: 

Sinusoidal currents applied to muscles arc Motor nerve. produce 
tetanic contraction, but each curve being a more gradual one requires o 
much greater streneth of current than with farnclism. 

The patient experiences ad Se0Sse of billow VY WAVES in the whole mis 
cular system, and these waves of contraction can be noticed if the hand 
i= laid upon the patient. 

There is a regulating effect upon the blood-pressure, reducing it in 
cases of hypertension and raising it in low arterial tens1on. Many 
different observers have corroborated Hornung’s statement that a re- 
axed dilated heart may be found smaller after a sinusoidal bath. This 13 
accompanied by increased cardiac efciency and a higher blood-pressure 
of a beneficial character. 

They do not, like hydrotherapy, dilate the superficial blood-veszels 
either immeciately or later. 

There is no anfiospasm or marked blanching of the surface, such ts 
occurs mm a cold carbonic acid bath. 

Lippert classifies the principal effects of sinusoidal eurrente a5: 

1. Generally raising the blood-pressure and slowing the pulse. 

2. Decided increase in metabolism. r 

3. Exercise of the heart muscle and of the general muscular system. 

4. Assisting the patient to sleep. 

_, 2m 4 full bath it is estimated by Eulenburg that one-fourth to one- 
third of the current passes through the body. It all passes throuch the 
patient in a four-cell bath. , 

Arteriosclerosis is usually a contra-indication to the use of sinusoidal 
CUITEnts. 

An extremely feeble heart is a contra-indication and s0 Is coronary 
endarteritis. : 
_, Sinusoidal currents are especially indicated in uncomplicated insuffi- 
sare Acs ane pase ee also even in the most severe cases follow- 
mending face ss ™ eee aoe Over worms heart disease, with com- 
vasculas autres i ‘ aire anes Chronic my) ocarditis, cardiac and 
preferred in treatine ; wate hoe el ornung, the faradic current is to be 
hice : — excitable patients with malnutrition, weakness, and 

od al igen Sects left ventricle is generally not reduced, but irregu- 
all the subjective wom cardiac murmurs are greatly improved as well as 

- o : : SVOpPtLoms. 
poe ced leas ae a sunsoidal current of 20 to 30 ma. in the 
feeling of apprehension, palpitation, apeetne qe ey improving the 
power. Excellent recahnitstion, appetite, digestion, sleep, and motor 
Urica, chorea, muscula shied ce Ae prearitis deformans, arthritis 
co  Muscwar rheumatism, cerebral and penpheral paralyses, 
neuralgias, cramps, anesthesia, and paresthesias. The present author 
corroborates this from his own experience, Lossen sec red i 5 aes, ol 
in locomotor ataxia cially in the Wohinine nto ee ovement 
» Especially in the lightning pains, the disturbances 


a 
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Insomnia were benefited. 
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Hi bath ' rudually increased from 
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a. and as gradually reduced at the end of the treatment 
i better all be the same size, 50 by 25 em. (20 by 10 
triple phase current is used the electrodes are near the 
nape of the neck, the feet, and the pelvis. 


nes), ADC I A 


7 Baedeker recommends that 
the temperature of the water shall be 90° F., and that first. treatment 
of six or eight minutes, during which time a cool wet towel shall be laid 

1 the patient's head. and that the current shall be followed by general 
massage OF % ibration. Baedeker has often noticed a LeMmporry heart 
murmur after the treatment which was not audible before. The symp- 
toms of valvular stenosis, asthmatic attacks and edema, and general 
muscular weakness are improved. Slight forms of ancurvsm are bene- 
Sted, severe [orms are 4 contra-indication. High degrees of disturbance 
of compensation are a contra-indication. 

Strubel’s technic is to place the patient in a warm water bath of 
05° or 97° F. without an electric current, and in two to five minutes there 
is usually a reduction of 20 or 30 mm. in blood-pressure from peripheral 
vasodilatation. Then a current of 10 or 20 or, at the most, 30 ma. is 
cautiously turned on. Now the arterial tension is seen to mse, the 
pressure in the auricles falls. ‘This lessens the dvspnea of certain shght 
cardiac cases. Increasing the current to 25 or 30 ma. raises the blood- 
pressure to its original point. Gradually turning off the current causes 
a reduction in the blood-pressure, and in most cases it remains below the 
ordinary level for one-half to one hour. Strubel’s work with hundreds 
of cardiae cases showed improvement in the electrocardiograph as well 
as in the ordinary objective and subjective symptoms. He considers 
the indications for sinusoidal current baths to be: (1) Neurasthenia, 
hysteria, hypochondriasis, and exhaustive conditions; (2) myocarditis; (3) 
valvular lesions: (4) exophthalmic goiter and other thyroid intoxications. 
It does not reduce the size of the thyroid gland, the possibility of toxemia, 
or of emaciation, but it does improve the pulse-rate, the insomnia, and 
the electrocardiogram; (5) selected cases of arteriosclerosis, characterized 
by the subjective symptoms of angina pectoris, cardiac asthma, mild or 
severe dyspnea, and the objective symptoms of increasing cardiac insuffi- 
clen ey, arrhythmia, marked changes in the form of the heart, and in the 
electrocardiogram. In such cases strophanthus, Marienbad water to 
drink, massage, and sinusoidal currents are wonderfully beneficial; (6) 
Organic nerve diseases. : 

Laquer advises beginning the treatment of a neurasthenic patient, 
with secondary cardiac symptoms, at first with hydrotherapy and later 
to cautiously apply sinusoidal currents. 25 : -ont 

Physiologic Effects of General Hydrogalvanic Baths.—The patient 
may recline with a longitudinal electrode near the whole length of the 
spinal cord from the occiput to the lumbar region, and with the other 
electrode near the feet. A current of from 50 to 150 ma. 15 generally 
used in a bath containing about 100 quarts of plain water. According 
to Helley and Gaertner, about 25 per cent. of the current will traverse 

the body. Different sizes and shapes of baths and electrodes and cif- 
ferent liquids produce variations from 4 per cent. for a bipolar bath to 
50 per cent. the maximum, which occurs when the bath forms only one 
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he entire current enters the bxxly The nervous strye- 
es form the principal conducting paths for the current after it has 
“i through the skin. 


lf Warmth and 4 re;|. 


; ra ee nu : ae Wo fh rat 
wts regardless of polarity are A SCnsation 


: » os = . L, , r j 7 - | 
ness of the skin, especial near the electrode, but also more or << 


general. : au, 
Effects with the negative dorsal electrode and the positive electrode 


near the feet. ‘There is an Increase in ea neral Sensory And moter “ane 
reflex excitability, and often annoying tingling of the skin of the legs. 
Cerebral activity is stimulated, and in neurotic persons there may be 
irritability of temper and iomnia after a few treatments. Nevras. 


thenic, hysteric, or Insane patients are often unable to take this Lrent— 
ment, even with the weakest currents, and sometimes not even with 
the current polarity reversed. Patients suffering from conditions of 
depression experience a sens¢ of almost immediate relief, and if there has 
heen uncertamty ai equilibration, this 1s recovered from after a few 
treatments. The pulse-rate is increased, especially if there has been 
bradveardia. There are increased amplitude of the pulse and increased 
arterial tension, especially in cases with hypotension. There are in- 
creased cerebral and sexual activity. Asthenopla and other functional 
disturbances of the cranial nerves are benefited. 

Patients with weakness of the cardiac muscle from fatty degenera- 
tion or produced by valvular disease show immediate benefit after such 
a hydrogalvanic bath. 

Multiple neuritis is certainly benefited, and so are anterior polio- 
myelitis and post-diphtheric paralysis. The arthritic diathesis is bene- 
fited, and medicinal substances are now often added to the water in 
these cases, 

Effects with the Positive Pole at the Nucha and the Negative 

at the Feet.—The difference between this and the other polarity is in 
the direction of producing a sedative effect upon the nervous svstem, 
but this is not at all constant, and the excitability of the brain and 
medulla are not generally diminished. ; 
___ The hydrogalvanic bath is used for obesity, but its benefit is not yet 
fully established. The treatment acts in this disease and in the arthritic 
diathesis by the production of nascent oxygen, and an increase in oxida- 
tion and all other tissue exchanges. sear 

Galvanic Hydro-electric Baths in Sciatica.—This method of 
applying galvanic currents results in the cure of a large majority of the 
Canes. 

Hydro-electric Baths in the Lightning Pains of Locomotor 
Ataxia.—Balsamoff secured relief in these cases by general galvanic 
baths, followed each time by an application with the current localized 
In the painful region. 

Cell-baths and Their Effect with Galvanic Currents.—These are 4 
specific for localized neuritis; the same strength or a greater strength 
La current may be used as if the electrode were not formed of a mass 
of liquid. The author's plan of having the patient wear a stocking or & 
gaure bandage prevents an Irritation at the upper surface of the liquid 
aan effect of oxidation. Adding glycerin to the water has the same 
eller. 

The addition of at medicinal substance enables one to secure a caine 

' First Internat. Cong. of Physiotherapy, Liege, 1905. 
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Fig. 287.—Sehnee's four-cell bath. 
In inveterate chronic articular rheumatism each galvanic bath may 


be followed by faradization of the spine. 
The -modification shown in Fig. 289 forms an excellent means of 


Fig. 285.—Various connections of four-cell bath, 


rents with safety and very great convenience. 
and joint affections are 


applying strong galvanic cur <n 
Rheumatism and a great many different nerve 
benefited by this treatment. 
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: In aA neerative 


Fig. ao9.— Treatment bay fourecell bea A are the auther’s electrotherapeutic table. 


the Positive electrode i= applied between the shoulders. A current of 12 
OF 1D Ma. May re 


applied for fifteen or twenty minutes every day. 

Hydro-electric Baths with Sinusoidal Currents.—Sinusoidal 
currents with a tension of about 30 volts, which have recently come 
Into such prominence. are fencrally applied in this way. and with 
a Fate of about twenty periods a second. AS a general mith, these 
“MIrents produce a marked eect upon cardiac action and blod-pres= 


aurc, and have et a IM portant held in thie treatment of cardiovascular 
disorders, 
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baths with a sinusoidal current have an excellent 

it disease, including cardiac dilatation. 
“ivises the se of A hither rate of slternation—!] 1 (WM) instened 
minute—in order to avoid pruritus from sinusoidal hydre 
tric bathe. He also thinks it a mistake to treat cardinc cases from 
cart with sinusoidal currents exclusively. Their tension is 30 volts. 
m some cases the faradic current with a tension of only § volts is 
has made 146 observations regarding these effects. and 
Te if an increase in blood-pressure, It Pay be 10 Or 15 
re after the bath than before. This may be accompanied by a 


rate. There is a pronounced increase in tissue exchanges. 
atrophic, cardiac, and other muscles are strengthened. 
and neurasthenic patients who have suffered from in- 
led to sleep. 

Dhese CUITENTS have al reneral Lome cttect LIDOn the tissues. 

They are excellent in dermatoses dependent upon deficient tissue 
exchanges, such as inveterate pruriginous eczema and urt Icaria. 

They are excellent in cases of paralysis of peripheral nerves. of eon- 
siderable muscular atrophy, and of progressive muscular atrophy and 
similar conditions. 

They are very soothing in cases of neuralgia and of muscular or 
articular pain. 

Their effect in renal eolie is excellent, and decided diuresis is pro- 
yoked. 

The effect of hydro-electric baths with sinusoidal currents in cardio- 
vascular disease is decidedly different from that of triphase currents 
applied in the same way. Albert Weill and M. Mougeot’ have made 
careful observations in a number of cases. The temperature of the 
bath was 34° to 35° C., and the patient remained in it for ten minutes 
before the currents were applied. Measurements were made of the ar- 
terial and capillary pressure before and after the simple Immersion, 
and after every five minutes of application of the sinusoidal currents. 
the cardise area was registered by the orthodiograph before and after 
the treatment. The radial pulse and the capillary pulse were recorded 
on a revolving evlinder at first in the simple bath, and again after 
twenty minutes of sinusoidal currents. The electrodes were immersed 
near the outer surface of the thigh, the left side of the back, and the 
right side of the front of the body. 

Their results showed a marked Increase in arterial tension, just 
the opposite from the effect of baths with triple-phase currents: little 
or Ho effect on capillary pressure: a change in the arterial pulse in- 
dicating that peripheral resistance was not reduced, but was even in- 
creased. If the pulse was dicrotic, this characteristic was diminished. 


An easily dilated heart was increased in size. A dilated hyposystolie 
ueart may be reduced in size, but this change is much less certain than 


With triple-phase currents, which reduce peripheral resistance. 


yee heir conclusion as to therapeutic indications is that hydro-electric 
athe with sinusoidal currents are useful in functional hypotension, 
or when it is present without cardiac lesions; also in mitral disease, 


' Rey. de therapeut., August 15, 1006. 
* Berlin klin, Woch., April 25, 1904. 
‘Jour. de Physiothernpic, June 15, 1006 
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when the cardiac muscle is still intact. If there is such a thing as pro- 
ct upon the heart by a peripheral vasoconstriction, 
this = What the bath with a sinusoidal current does. This action wold 
be contraindicated in uncompensated dilatation of the heart and ina 
Varicty of cardiovascular comeclitions, where the Indication 1s to rechice 
the blood-pressure and the labor imposed upon the heart. 

Maresret Cleaves has found thai hydro-electric baths with SIntu- 
Sorc Currents rive remarkable results In neurco-arthritic “and Cardin- 
Vascular diseases, 

Kellogg has also demonstrated the same excellent results from baths 
with sinusoidal currents. 

Celi-baths with Sinusoidal Currents.—These have an important 
application in gynecology, as sitz-baths. | 

Hydro-electric sitz-baths with a sinusoidal current of 2400 to 
LMM) periods 4 minute have an excellent ettect, Upon menorrharia due bio 
fibroma, and also upon coceygodynia and hemorrhoids. Paull’ has 
obtained subjective Improvement without much objective change in 
suppuration of the adnexa and retroflexion of the uterus. The sitz- 
baths contain three electrodes—one in front. one behind, and one at the 
side, so that the current may be directed through the pelvis in different 
Ways. 

Sinusoidal cell baths are useful in all conditions for which a general 
sinusoidal bath is used if the condition is confined to one limb. Neu- 
ralgia, rheumatism, and gout are examples. 

Hydro-electric Baths with Triple-phase Currents.—The «<ource 
of current is a rotary transtormer, actuated either by the direct or the 
alternating electric-licht current, or by a battery of accumulators 
(storage-battery). In the latter case the battery should generate 12 
volts. Three different wires leave the transformer at points equally 
distant, and each is traversed by an alternating current having the 
character called sinusoidal. These currents are not synchronous in 
the three different wires, but have a difference in time equal to one- 
third of a period. The regulation of the currents is best accomplished 


SoS 


Pig. 290.—Sinusoidal current. Fig. 291.—Triple-phase current. 
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if the currents from the rotary transformer pass through the primary 
Wires of three transformers, in which the secondary coils are at an ad- 
justable distance from the primary, and consequently the mduced 
triple-phase currents supplied to the three electrodes in the bath may 
be varied in st rength. 
About twenty periods a second is desirable for these currents, and 
100 to 140 ma. is the usual st rength of current in a general bath. The 
same periodicity, but a much weaker current, is suitable for use in a 
eell-bath or for ordinary electrodes with which the full strength of the 
cirrent passes through the patient. In some general baths with 
medicated solut ions, on the other hand, a much st ronger current, such 
At S00) mi., t¢ required. because a smaller fraction passes through the 
patient’s body. | 
' Zeitechrift pg. dinct. u. physik. Therapie, vol, vi, November 1, 1905, 
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hysiologic effects are to excite a tingling of the akin, which 

mely disagreeable if the periodicity of the current is too rapid 

hase current supplhed by some industrial and éleetric-light. cir- 

a periodicity of sv <4CK) a minute, which iz about twice as 

is desirable for therapeutic purposes. <A rotary transformer 

«od to change this to a tmphase current with a periodicity of about 
1200 a minute. The more rapid penodicities also produce muscular 
contraction similar to what would occur from a general application of « 
strong faradic current, and this also disqualifies them for therapeutic use. 

Triphase currents of the proper streneth and periodicity for renersl 
baths produce capillary dilatation, increased metabolism In muscular 
amd rt her tissues. ane “4 Tt “| ict Lon in blood-pressu re. They wre curative 
in peripheral paraly sis, muscular atrophies, and propressive myo- 
pathies. Applied in moderate strength in cases of neuralgia and pains 
in the muscles and joints, they are soothing. J hey have a specific 
beneficial effect upon the heart, relieving dyspnea, irrecular rhythm 
and palpitation, and high arterial tension. ihey are especially bene- 
ficial in the high arterial tension of uricemia, the menopause, com- 
mencing arteriosclerosis, aortic atheroma, simple or syphilitic. They 
fail only in pronounced cases of renal sclerosis. 

Albert Weill and Mougeot' find changes in the form of the radial 
pulse tracing consisting in an increased amplitude of the systolic Wave, 
an increase or a reappearance of the wave of arterial clasticit V; an In- 
crease in dicrotism. They find no increase in the amplitude of the 
capillary pulse. They find a distinct reduction in the size of the heart 
if it has been dilated. 

Cell Baths with Triple-phase Currenis—These are especially useful 
In Raynaud's disease and other local conditions of the circulatory dis- 
turbance, with capillary or arteriole constriction. They are valuable in 
neuritis and in joint lesions. They have an important application as 
four-cell baths in the treatment of rheumatism and lithiasis. 


OZONE 


_ Whenever an electric spark, whether powerful or almost impercept- 
ible, passes through the air, ozone is produced by the action of ultra- 
Violet radiations upon the oxygen of the air. This verv active form of 
oxygen has marked effects upon living organisms, and it seems certain 
that a considerable part of the benefit derived from the application of 
static electricity or high-frequency currents is due to the absorption of 
this gas through the lungs or through the skin. : 
__ Its effects in a concentrated form are poisonous. Bacteria are 
killed, and even rabbits succumb in ten minutes if kept in an atmos- 
phere containing 8 milligrams of ozone per liter. <A therapeutic 
Strength is at the most 1 to 3 milligrams per liter of air, and a single 
inhalation lasting ten minutes will increase the proportion of oxy- 
hemoglobin if that is subnormal, and also the number of red blood- 
corpuscles. Another beneficial effect from a course of treatments 15 an 
‘L  ase I respiratory capacity and a reduction in white blood-cells if 
they Are IN exeess =e 
It is indicated in some cases of anemia, pharyngitis, tonsillitss, 
‘utud whooping-cough. It is used also as a general tonic in many debili- 
tated states, . 
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Size 1S accompant Ey | 
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sul which unsuit the air for inhalation. It should, therefor » be 
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1 from the silent discharge which takes place from metallic 
oDtained Irom the sien Babee 


sats ‘hanced with very high-tension electricity and which fi Ts an 
sm = - An ordinary whisk-broom connected with the terminal of “LT 
Oudin rescnats ir 4 nd held near the patient 8 face is ab S10 ple and effective 
means of giving inhalations of Of0ne. Stronger inhalations ane ob- 
tained by surrounding the Oudin resonator Or the Guilleminot Spiral 
by a glass jar through which air can be inhaled by the patient. 

The ozone gencrator, shown in Pig. 202, has eh leading-in Wire to be 
connected with an Qudin resonator yielding a high-potential hich-fre- 


Fig. 292.—Ozone generator from high-frequency current. 


quency current. The vacuum chamber thus charged is surrounded by 
ah uact glass held in the patient’s hand anc separated from the charged 
glass by a space in which innumerable sparklets pass through the air 
with violet and ultraviolet rays. This changes a considerable portion 
of the enclosed air into ozone. The ozonized air je forced through this 
“pace and then bubbles through pinencedle oil, Or some similar liquid, to 
absorb the nitrogen pentoxid before it is inhaled by the patient. 
Che arrangement. used by Albert Weill for ozone inhalations from a 
static machine js shown in Fig. 203. The discharging rods of the 
static machine are Within a dis- 
=) tance of an inch or two, so that a 


od ‘ Stream of powerfy] sparks passes 
Sa 7 between them. The outer coat- 

| Oy ae ing of a Leyden jar whose inner 
a iE i arinacure Is Connected With the 


Positive pole is grounded. From 

the outer coat of the negative 

. Levden jar a wire leads to an in- 

—— eee : Ba ee sii enters 

fig, 206 —_ 1h. eee ; the ozonizing by , OUT does nat 

Fig. Pag vegram of apparatus for VEO Tae touch its elass walls. A large 

: part of the outside of the oxon- 

lzing bulb is coated With metal, and from this a wire passes to the 

earth. Air is driven through the ozonizing bulb and inhaled by the 

Datient. A brush-discharge occurs between the metal rod anid the glass 

wall of the ozonizing bulb, which fills the bulb with violet and ultra- 
violet light, the latter causing a profuse generation of ozone. 
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Chany' has made valuable observations upon the influence of volta us 
on the formation of ozone. sees 23 
fo be perceptible aut all, several thousand volts Are required, The 
ep-evele alternating clectric-light current and a larce tuhmkorff eeijl 
-; 4 most effective generator. The voltage 
ceptible is characterized by effluve. 


at which OZONE 1s per- 
discharge is like a rain of fire. 


At 40 per cent. of this voltage the 
The power of ozone production is as 
rhe square of the difference in potential between the armatures of the 
ozonizing tube. 
THOUSANDS OF VOLTS. 
Lt. 1 
Lt. 
16.5 
bh.) 
PT .U) 


Ozoxe PrRopovertoys, 
0.153 
0.860) 
L.oSO 
<>. 0 UM) 
Oe) 


It is useless to go higher than the last fgure, because the quantity 
of ozone then increases in simple proportion to the energy expended. 
'¢. RK. de Acad. des sciences, June 2, 1902. 
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Fig. 204. l herapeutic application of electromagnetism, 
: Put to practical use. 
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The subject ive svinp- 
anc ai fecline ot pleasure Or repulsion 
lable to be partly of suggestive oricin. 
muscular or motor nerve effect. Thin hana 
sometimes occurred in tic douloureux, congen- 

an different neuroses, are apt to be transitory and are 
due to suggestion. Case< of facial neuralgia, intercostal nou- 


i. alcoholic neuralgia, ancl nervous Insomnia have sometimes shown 
ut IMDrovement. 
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ranie of the role that they play in all kinds of coll, TLODOTS, ancl 
ipparatis, Cleclromagnets have two distinct uses in medicine, ine 
the extraction ol steel and iron particles, especially When embedded 
i amd another st their applicat ion for Fs Supposed etiect Upon the 
11 other parts O1 the nervous SSCL, 
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Fie, 295.—Electromarnet for removing bits of steel from the cye. 


Electromagnets for Extracting Foreign Bodies from the Eye.— 
The electromagnet (Fig. 295) has a large, soft-iron core, terminatims 
In a point to which sometimes different iron tips are attached. Phere 
is a distinct danger in employing tremendously large and powerful 
electromagnets which are capable of dragging a bit of steel or iron 
through the media of the eye and producing irreparable lacerations. 








ELECTRICITY IN DISEASES OF THE NERVOUS SYSTEM 


ioral prob lems of electroneurophysiology have heen treated 

1 th is ark: and the general relations of electricity LO ner- 

‘ability have been touched Lip Mon. In int it therefore, 

leration of the use of various forms of electric action to 

iS : and to treatment of diseases of the nervous SVSteMm, b Is With 

tacit understan di i¢ that the present chapter concerns itself with the 
practical of issues. 

The applications of electric ity in the diagnosis and treatment of 
diseases of the nervous system are increasing in number and in value 
PYEery Vear: the itroduc tion of newer Currents is constantly wide ning 
the eos =n with each new installment of scientifie journals, new 

| de not ke ribe cl which often fine! ra! perm: nent plac fe in nervous 
the rape tie s. The following pages have been prepared to present 
the “present-day aspect of what has been demonstrated to be of per- 
manent value, as well as to endeavor to point out the me rits of some of 
the more important of the later advances in the selence of electro- 
therapeutics as applied to the disorders of the nervous system. 

The topics Do be cise ussed will be as follows: 

(I) The use of electricity in diagnosis. 

(a) Diagnosis of disorders of peripheral nervous systems—motor 
and se hnsory. 

(6) Diagnosis of disorders of central nervous svstems. 

“ Si use of electricity in therapeutics 

|) Therapeutic applications of electricity in diseases of the 
peripheral nervous system. 

(6) Ther: apeutie applications of electricity in diseases of the neuro- 
muscular apparatus—neuromuscular disorders. 

(c) Ther rapeut ic applications of electricity in treatment of organic 
disease of the central nervous SVStem. 

(qd) Therapeutic applications of electricity in treatment of func- 
tional diseases of the central nervous system. 

UIT) Electric sleep and death due to electrie currents. 


DIAGNOSIS OF DISORDERS OF THE PERIPHERAL NERVOUS SYSTEM 


Motor Reactions.—The principles of nerve stimulation and muse ‘le 
reaction have been considered elsewhere at creat lencth. There remains 
here to take up the specific nt pplie: ations of such teachings, particular- 
izing on the subject of the reactions of the neuromuscular apparatus for 
diagnostic Purposes, 

[t is to be recalled that when a galvanic current of sufficient strength 
Is passed through a neuromusc ular arc, it causes a contraction in the 
muscular portion of the arc. or in the particul: ar muscle if the are in- 
cludes but one muscle. This contraction, as has already been seen, 
is not for the galvanic current a continuous reaction. It takes place 
only when— 





TRICITY IN DISEASES OF THE NERVOUS SYSTEM 44] 


rent enters, 1. ¢., at current closing 


ie CUITENL Stops, 1. €., at current opening. 


| 
,) Ll here is: kw f : oes 
J bhere is a suclelen INnCrease In foree of eurrent. 


(t) There is od marked decrease in st rengeth of Current. 

(5) Phe direction of the current is reversed. anode to cathode: 
Catonode to anode. 

-xperimentation on lower animals has permitted the laying down 
of certain laws regulating the actions of the galvanic current—; 
Piugers laws, which have been discussed elsewhere in this volume. 
These laws have a limited application in human neuro-clectric technics. 

The laws of human normal muscle contraction then are for an intact 
nervous orranization to be expressed as follows for weak, medium. anid 
strong currents. ' 

r. Cl IC, for weak eurrents fcathodal closure contract ion ony). 

IT. CCIC, ACIC, AOC, in order of activity for medium currents. 

Hl. CCITet, ACIC, AOC, CCIC, for strong currents (cathodal closure 
tetanus, anodal closure contraction, etc.). 

The strength of such currents has been accurately measured by 
Stintzing and Erb and a number of students. Stintzing has examined 
most of the museles of the body, to determine the minimum amount of 
current that will cause a cathodal closure contraction. and has con- 
structed tables which give the average values in the different muscles 
and nerves of the body. These tables are of great value for compara- 
tive purposes—his faradic tables are of little practical value for the 
average practitioner; his galvanic tables, however, are useful, and are 
here printed. It must be remembered that great variation exists in 
different nerve-trunks to the same strength of galvanic current. Such 
variation exists for differing ages, and have been made the subject of 
special researches of a very mmtricate and extensive nature by numerous 
experimenters—Mann,' Westphal. Thiemsch, and others. 


STINTZING’S TABLE FOR GALVANIC SCALE OF NEUROMUSCULAR 
EXCITABILITY IN MILLIAMPERES. 
ict da L es [IT ae 

Nerves. Ma. Afni. Ma. 
Musculocutaneous .. .. ... M08 0.28 0.17 
Spinal acceasory........ 0.10 (44 0.27 
Una i ee . ... 0.20 0.00 0.55 
Peroneal,......... | 0.20) 2.00 1.10 
heel) 1450 0.90) 

et 1.70 1.03 

OL 2 Si 1.45 

O.540) 1.40 0.95 

at ow. 0.60 2 fl) 1.60 
. SYEomatic........ 0.80 2 1.40 
Ls Frontal 22 eS SS ee 2 00 L.45 
2. Radial |. -.. 1.00 2.70 10 
o Parial oo ere 1.00 2 5) Lio 


Method of Study: for Disease of Neuromuscular Apparatus 
When cither a muscle or its motor nerve or the end-plates become 
disordered in their functions, certain electric changes are apt to take 
place. These occur in both their quantitative and qualitative reaction 
to faraddic, galvanic, and special types of currents. 
' See Ludwig Mann, Arch. d'electricite médicale, 1903, for an extensive rests 
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pu whitative changes, which are the more readily observed, eons 
uinge in the formula of contraction, or a modiheation in some 

f the normal formula. 
Variations may depend upon purely accidental modifications 
of saturation of electrodes, ete., but assuming the technic 
Fraver errors, these changes sre dependent In lareze 
more or less superficial seat of the nerve-fbers. Diffusion 
produces a certain amount of scattering for the deeper seated nerve- 
fibers, and thus only a part of the current recistered by the calvan- 
ometer is utilized. Fat makes considerable Variation, and, as has 
been noted, the age of the patient is of moment. This latter fact is of 
importance in determining Lhe Kirb reaction in children thoucht to be 
suffering from tetany, since very trequently much heavier currents are 

needed in miants and children. 

Further modifications depend largely upon the rate of make and 
break Im an interrupted (faradic) current. Tetanus usually results 
Mf the interruptions are over t wenty a second. The introduction of 
the induction-coil, however, has caused a number of eomplications in 
the tests usually applied, since the d ischarges are usually irrecular as 
to quantity and as to duration, and d’Arsonval has shown the freat 
importance that is to be attached to the form of the wave of the electric 
impulse. This has led to the Introduction of mechanic forms of makine 
ind breaking by Leduc, since a greater amount of regularity in making 
and breaking results than when the induction-coil is emploved. They 
are further capable of more accurate mensuration. Ledue has shown 
that when the impulses have only a duration of about Tay second, 
and tollow each other at the rate of 100 to the second, the best type of 
effect is produced. Thus Ledue’s table is of Interest in this connection:! 


DoRATION oF FE. M. F. Reormen to PROotCE 
[ar Le. MuesccLan Cowriacticw, 
SECOW Es, VouTrs., 
0.000) ral D 
O00 1 0 low) 
0.0 rp 13.5 
Oe ca 12.0 
OL. 11.5 
0.00050) 10.5 
OO) 5 
DWT ih 
0.) 5 
0.000 1 io rei 
Ore) 1.5 
Oe es) a 
0.00400 ier) 
OOO) 0) 
0.00M) a5 
Ost 10 
U.K Sw 11.0 
Ue 12.0 


the important advance that has come about by the introduction of 
Ledue's tPDiratus is that the amount of dereneration in the neuro- 
muscular Apparatus is subject to more accurate mensuration (see p, 
dad Heretofore we have had to depend on the crude expression 
that R. D. is present. By means of the Ledue apparatus an estima- 


Arch. d’Elee. Med. September 15, 1903, 
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Fig. 200.—Treatment by galvanic or faradic or rhythmic currents. A eokensctye 


trode ia used in clectrodmgnose. 


Modes of Testing.—The horizontal position is generally advisable 
with as complete relaxation as possible. In some patients nea 
position is equally convenient. The indilierent electrode, preferably 
ood sized, is thoroughly moistened and placed upon the spine, either 
at its upper or lower part, depending largely upon the region fe be 
tested. ‘This electrode should be applied firmly to the skin, and held 
e place either by the weight of the body, the hand, or 4 bandage. | he 
exploring electrode, provided with make and break mechanism, 2 ne 
Placed over the motor points, and vf SY SUCHE CIC examinahion ae 
out in accordance with the needs of the patient (Fig. 290). 

A much more accurate method is that employed by the author, and, 
BO far as he knows, 16 original with him. 
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fig. 297.—Author's exploring electrade with standard Pressure. 


Ha graduated, so as to indicate the amount of pressure with which 
the electrode L 3 held In contact with the skin. As a rule. using an 
electrode | Inch in diameter, 4 pressure of 14 pounds is sufficient. 
that as A ea oe Sane ten . is ele in the left hand of the operator, so 
RS hae rece xploring electrode is moved from one place to another, the 
Pressure use| iio make anil break the circuit in I) will not affect the 
ae Mitac? Pressure bet Wey] the cleetrode ane the patient. This te most 
Important Pont, as the resistance will vary according to the pressure. 
wee is more particularly so when a sponge electrode is used in place of 
ae Fe a aeR metal electrode above described. 
nvestigators with larre expericnce advise the berinnine «4 
examination by means of the faradic ee | In ce ssc aneeny S hold 
that Polarization is preventer. Furthermore, if To alterat lon In f= 
radie excitability is obtained by tHinimum currents, it ustinlly follows 
that there sre few changes to the galvanic current. Jn beginning the 
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etree sale sf Te es i exploring electrode be connected wit h ihe 
eng ete nek eee ondary current. The strencth of the anaes 
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nner millimeters that the secondary covers the ‘arti f se 
ROL A wehndaey stig ent the two eides of the body is siaeee wavieable 
In carryes ae with the faradie current, since accurate methods 
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In testing with the galvanic current, we follow out the same pro- 
cedure, first obtaining the minimum reaction, and then ascertaiming 
if the force of muscular contraction follows out the law of progression, 
CCC>ACC>AOCSCOC (cathodal closure contraction is greater than 
anodal closure contraction, etc.). ae 

The streneth of the current necessary to produce a reaction 1s then 
read off on the milliamperemeter. Thus a record of a radial nerve may 
read as follows: 

ccc 2.0) ma. 
ACC = 43.0 ma. 
AOC 4.5 ma. 
COC = 5.() ma. 


l * - : a | ; “ 

(Minimal cathodal clesure contraction occurs with 2 a edie 
We have ceen that variations in contract sso int apa ix Gas 
may exist as to the quantity, as to the quality, OF sia = = 
a ee . iti f traction may result. For 
increase. diminution, or abolition Of CoOnmtracwe. Se dae 
example, an increase in contractility & obtained in pol ties seg ae 
ing, in hysteria, in tetany, and other affections 10% ae . paren 
will be called Ister, Such am increase is determined oe no oP sie 
with the tables. A decrease m nerve excl eS sage ae 

cases of neuritis, in poliomyelitis, €te-, while an abolition ma) ii) 
in the same affections. eek =o ete 
_ Qualitative variations consist im variations the Lia oF a 
ton, such as slowness, and vanation from the type galvanic , 
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Reaction of Dereneration.— | his 
. crees Which have been arbitrarily named alight, medium, 


hie Exettabilily—These may be discussed before 


of the reaction of degeneration syndrome & eon- 


iered. They consist, in the main, of hyperexcitability and farndic 


loss, a] thy phenomenon ip] exhaustion. 

Faradic hyperexcitability is found in conditions in which muscular 

lity 18 usually accompanicd by an increase in tendon excitability. 

h as is Seen in tetany, in tetanus, in many of the occupation neuroses 
(Writer's cramp, telecrapher’s cramp, violmist’s cramp), im paralytic 
posthemiplegic states, both of recent armed of remote OTLrin. ane i those 
eases In whieh rrerular involvement of the pyramidal tracts (post- 
hemiplegic chorea, posthemiplegic athetosis, posthemipleric pseudo- 
paralysis agitans) takes place. 

F aArRCIC exhaustion Is A constant S¥Mptom in many myopat hies. in 
many tabetics, In myasthenias, in Thomsen’s disease, and in a number 
Of CoOndIT IONS whieh show reaction of derenerat Lon. 
 -ginomates of Galvanic Contractibility.—Galvanic hyperexcitability 
Fils been spoken of. In addition to the disorders mentioned. i a 
irequent accompaniment of conditions in which mechanie hyper- 
excitability 1s also present, in multiple sclerosis, in spastic paraplegic 
States. Galvanic loss is a Constant accompaniment of the bevmminal 
Stage Ol neuromuscular degeneration. 

Gal ranic Inversion—R ich’s Formula.—In some instances the phy- 
slologic order of CCC>ACC>AOC>COC may be partially inverted to 
read ACC>( AC AOC >COC; or when ACC>CCC>COC>AOC occurs 
& total inversion has taken place. In some instances the formula des. 
eribed by Rich is present, as follows: CCC>ACC>AOC>COC. These 
inversions are all varieties of the reaction of dezeneration. and their 
preschice is an indication of a degeneration occurring in the lower motor 
neuron, either in the ganglion-cells of the anterior columns of the cord 
or of the nerve-fibers passing from these cells tothe muscle. It is absent 
Im affections of the primary motor neuron system per ce. If the re- 
searches of Iotyko are correct, the reaction of degeneration mav be in- 
ferpreted as a failure in the striated elements of the muscles to react 
With a persistence of sarcoplasmic irritability. 

Longitudinal Reaction.—This special application, first referred to 
lpia eee ne BOE muscles which show the reaction of degenera- 

i. In su h muscles the contraction is more readily broucht about 
when the testing electrode 1s appled at the distal ened of the muscle, 
rather than when the application is made to the motor point, which 
latter has, as Doumer has termed it, lost its importance. The im- 
portance of the longitudinal reaction, which is creat, is that It is a 
more delicate test, and that in old, long-standing cases, in which the 
herve paralysis is marked, as in chronic neuritis, old poliomyelitis, ete., 
contractions may be brought out though they fail when the electrode 
is applied to the motor point. In certain cases of sluggish reaction the 
longitudinal reaction test should be employed to settle a doubt as to the 
presence of reaction of degeneration. Thus, if a stronger and slower 
contraction takes place with the electrode at the distal end of the musele 
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en ‘ papal 2d a Keaction of Degeneration.—This syndrome h: 

a more Jess regular course of development, both as rec: ds he 
nerve reaction and the muscle reaction in point of time saa oa 2 ae 
of EVents. Both of these are conditioned hy the sharicte ¥ ars 
severity of the lesion. Following the complete Reso Tae heres! 
trons, there S usuall; a short. period of Increased irritability in the nerve 
to hoth faradic and galvanic Currents. This mw persist for a few 
days—three or four—and is then followed by the period of diminution 
the decline reaching the normal about the fifth or sixth day, and then 
rapidly sinking below, so that about the tenth day the nervous irrita- 
bility has completely disappeared. z | . 

The course met with in the muscles is somewhat modified. Faradic 
excitability seems to diminish from the very onset, and has disappeared 
entirely In about a week or ten days, while the reaction to galvanic 
currents, which has steadily decreased for about a week then under- 
goes a more or less abrupt reversal, and an increase in excitability 
with sluggish contractions takes place, mechanic irritability of the 
muscle appears, and ACC>CCC appears in many instances. Rich’s 
inverse formula begins to appear, and this may persist for some time 
—even for weeks. Later, diminution, going on to abolition, takes 
place. 7 } 

Sherrington, In his Erasmus Wilson lectures," has gone over this 
point in his cases of nerve section, and has found that the muscles 
Involved cease to respond to the faradic current in from four to seven 
days, and that, even with the galvanic current, there may be loss of 
excitability about the tenth day. The appearance of sluggish muscular 
contraction on the reversal of polarity takes place about the same time- 
., In the final stages of degeneration the galvanic excitability dimin- 
shes. The AOC first (disappears entirely, and is soon followed by the 
loss of the CoO and the CCC, the ACC persisting the longest. rhe 
‘Ongitudinal reaction may still be pronounced, even after the complete 

ippearance of the ACC. The longat udinal reaction finally disappears. 
his has been graphically shown by Guilleminot (p. 318, English trans- 
LCE}. 
Myotonie Reaction.—This is a special type of electric and mechanic 
reaction, which was first described by Erb as characteristic of patients 
Sufering from Thomsen's disease, or myotonia COoneens. In these 


Patients the excitability of the nerves to faradic and galvanic electricity 


14 Practically normal, is is mechanic excitability fs well, but there Is ii 
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‘+ musculal exertabilitv to these forms of stimula- 
he galvanic current shows that the museles react 
intractions, the ACC =— CCC. The tonic, slow, 

the contractions is pathognomonic. When 


‘urrent the muscles respond normally 


r reid ns. but on increasing the streneth of the current 
the reaction becomes markedly prolonged, perseting for a number 


of seconds after complete removal of the current. This period of dura- 
tion tetanus, as it has been termed, to both imterrupted and continuous 
currents, is very characteristic. 

Mvyasthenic Reaction.—Another type of muscular reaction is observed 
In the same kind of patients, and in a number of conditions closely 
allied to the neuromuscular affection known as myasthenia gravis. 
This reaction consists in the great fatigabilitv of muscle when exposed 
to the tetanizing action of a persisting faradic current. It differs 
from the normal phvsiologic CU & by the Very rapid Onset of the 
fatigue drop. At the same time the muscular reaction does not depart 
from the ordinary type on exposure to the single shock of the direct 
current, notwithstanding the presence of tetanic faticue. 

Neurofoni: Reacltion.—The exact slenificance of this reaction is 
unknown. It consists in the tonle persistence of contraction after 
cessation of the current, whether it be faradic or galvanic. Further, 
there 1s an exaggeration of the anodal response, made evident by the 
early appearance of AOC and ACC tetanus. 

fheactions in Lesions of Spinal Nerve Centers.—Not only does the 
investigation of the muscle at the site of its motor points offer con- 
siderable information concerning the condition of the nerve-supply of 
the respective muscles, but it not infrequently happens that an entire 
group of muscles ts affected by the loss or reduction of function, and a 
careful study of a reaction of these groups will lead to a differential 
diagnosis between the affection of the peripheral distribution as con- 
trasted with a lesion of the motor centers in the spinal cord. Thus 
it 1s well known that electric testing of groups of the muscles of the hand 
will enable one to differentiate between a lesion of the trunk of the 
median nerve and a lesion of the first dorsal segment in the spinal 
cord. As has been well pointed out by many authors, in the latter 
case the whole of the thenar and hypothenar eminences will be in- 
volved, as well as all the interossel and lumbricales, whereas if the 
lesion is confined to the trunk of the median nerve, then the hypothenar, 
the interossei, the two inner lumbricales, the abductor pollicis, and the 
Inner half of the short flexor will escape, since all these receive fibers 
from the ulnar nerve. It, therefore, becomes a matter of considerable 
Importance in the differential diagnosis of peripheral lesions due to 
neuritic process, from central lesions due to mvyelitic process, to bear 
in mind the segmental distribution of the motor centers in the spinal 
cord. While most of these facts are commonplaces for the neurolo- 
gist, and have been very carefully investigated bv followers of this 
branch of medicine. it is essential, in the electric study of the diseased 
motor apparatus, that the main facts of spinal cord sezments be borne 
In. mun. . 

The following table, taken from Starr, shows the muscles repre- 
ee in the group of cells in the various segments of the spinal 
oond : 
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__ Reaction of Sensory Nerves.—Just as the reaction of the neuro- 
muscular apparatus to electric stimulation is evidenced by muscular 
contraction, so the reaction of the sensory neurons is made known by 
sensations. In practical work, since mixed nerves are usually in- 
volved, the two sets of phenomena are constantly present. As is 
the case with muscular phenomena, so with the sensory symptoms, 
Certain Variations in health and disease are known. These sensations 
ots hought to be largely dependent upon chemic changes, and hence 
the ePoeaengaes more apparent at the more definitely chemic terminal of 
Bana apparatus—the cathode. They vary according to the 
“Teal of the electrode used, being more distinct with the smaller 
electrode, by reason of the condensation of current, also with the 
commer as of the electric force employed. Thus the sensation accom- 
SER ivy Boxed — Ls the mild galvanic current is usually described as 
7 Pring. while that of creeping or prickling more nearly describes 
. om sensations induced by the mild faradic current. A further 
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: while 1 eoalilin earhonate he sect. the CO), Ions entering at 
le cause a greater amount of sensation at that pole. The 
‘complete or partial, also alters the SeNSAtion SOmc. 
nero contacts being il ily much less painful than imperfect 
ones. Alterations in the rapidity of Interruption MAKe A Prenat differ- 
ence in the sensations produced on the skin. Single shocks are often 
extremely painful, even apart from the muscular effects produced 
When the interruptions commence to be more rapid than fifty to the 
second, the sensations cease to be individualized, fusion takes place. 
and with still more rapid Interruptions a pleasant, Smooth rlow may be 
alone experienced, or with more rapid interruptions humbness or 
anesthesia may be produced. Leduc’s currents for local anesthesia 

are particularly pleasant in application. 

Protopathic and Epicritic Sensibility.—An extreme! ¥ Important, 
if not epoch-making, research of Head? has opened up an entirely new 
and wide field for investigation with reference to the electric excitability 
of the SENS0ry nerves, and has enriched clinical neurology with 4 new 
classification of sensory nerves heretofore unrecognized. Thus he has 
described two sets which he has termed the epicritic and the protopathie 
Sensory SvVstems. These show marked cifferences inl their response to 
electric stimulation, and our present accounts of sensory nerve phys- 
ology With reference to eleetric stimulation will receive an entirelv 
new series of interpretations. 

Head’s views concerning these two sets of sensory nerves may 
be briefly summarized as follows: Ordinary sensations of touch are 
not simple and primary, but consist of at least two forms of sensibility, 
which have been termed by him protopathie and epleritic, and which 
sensations are dependent upon two distinct systems of fibers. He 
was led to this differentiation by a large series of sturics on peripheral 
nerve injuries, and subjected his findings to an exceedingly critical 
control by operating upon a cutaneous nerve of his own arm. The 
processes of degeneration and regeneration were carefully studied. and 
the modifications in sensibility and electric reaction made the basis of an 
elaborate monograph. As protopathic sensiiility he describes that form 
of sensibility which can produce changes in consciousness, hut which 
is incapable of causing a quantitative change apart from the area studied. 
The position of a point stimulated ean be appreciated, and each stimulus 
causes a widespread radiating sensation. not infrequently referred to 
parts at a distance. The return of protopathie sensibility to a part, 
after its loss, brings a cessation of all those destructive changes in 
nutrition that occur in parts where the skin is insensitive. Uleers 
cease to form, and sores heal as readily as on the healthy skin, although 
the parts remain insensitive to all hither forms of stimulation, such as 

light touch. | 
After an affected part has remained for a variable period in this 
condition, it begins to become sensitive to light touch, and degrees of 


be 


'See Sanchez, La theore dez jons-en electricite medicale, Nantes, 1902: Ledue, 


lonization Medicales, Monographies Medicales, 107, 
7 Brain, 1005, See alao bits previous and subsequent, bck 
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| produce the sensations called warm and cool on the 
gain distinguished correctly one trom another. With 
i sensation it again becomes possible to discriminate 
at distances more nearly normal, and the 
fH. &o @nprsi teristic of the first Btace of recovery 
NH Terance Ola Del ipheral scnsory nerwe, CCOSS, and 1s replaced 
by agi Increasing ACCUrACY ol localizat [COT Li LS for this form of Sensation 
that Heal hse proposed Lhe term epcritic. 

Head comes to the general conclusion that the sensory mechanism 
eonsists of three systems: (I) Deep sensibility, capable of answerme 
to pressure and to the movements of parts, and even capable of producing 
The fibers subserving this form of sensation run mainly with the motor 
nerves, and are not destroyed by division of all the sensory nerves of the 
skin. 

(11) Protopathic sensibility, capable of responding to painful cutan- 
eous stimuli and to the extremes of heat and cold. This ts the great 
reflex system, producing a rapid, widely diffused response, unaccom- 
panied by any definite appreciation of the locality of the spot stimu- 
lated. : 

(LIL) Epicritic sensibilitvy—by which we gain the power of cutaneous 
localization, of the discrimination of two points, and of the finer grades 
of temperature called cool and warm. 

With reference to their distribution, the entire body, without and 
within, is supplied by the protopathic system. The fibers of this sys- 
tem in the skin may be spoken of as somatic, those of the miternal 
organs as visceral, protopathic fibers. Thus one should speak no 
longer of the afferent sympathetic system, but of the protopathic supply 
of the internal organs. : 

Another set of fibers peculiarly associated with impulses of move- 
ment and of pressure exist in connection with the Paccmian organs. 
In the body and limbs an analogous system is found, peecultarly lable 
to pressure, to the localization of movement, and bo the appreciation 
of position. The fibers in this system run im conjunction with the motor 
nerves. 

In addition to these two systems, which are distributed to all parts 
of the body within and without, the surface of the body only 1s supplied 
by a third—the epicritic system. This endows the skin with sensibility 
to light touch. To the impulses conducted by this system Is due the 
power of localizing the position of cutaneous stimull, of discerning the 
doubleness of two points, and of discriminating between minor degrees 
of heat and cold, and other special attributes of sensation. The fibers 
of this system are more easily injured, and regenerate More slowly 
than those of the protopathic system. They are evidently more highly 
developed, and approach more nearly to the motor fibers which supply 
voluntary museles in the time required for their regeneration. 

There is a distinct difference in these two systems to electric 5 timuls- 
tion, espectally to imt errupted currents. Prot oOpat hic sensibility does noe 
seem to be affected by such currents whose duration is less than Oe 
of a second, ancl consequently current waves having that duration or less 


oain under the influence of excessive pressure, or when a jomt 1s mjured. 


produce a stimulation which 1s more or less devoid of painful en hse 
s10ns as the duration of the impulse decreases, though they ace £6 
quite distinctly as a sensation through the agency of the epicritic bers. 








These may be determined for the galvanic 

1 wire brush attached to the cathode. The anode, 

nee, being placed in the hand or on the sternum, 

‘urrent which 1s rerulated by a rheostat 1 series or by 

a shunt gives the figures for minimal pain reaction. The Varying de 
Pree: ol skin resistance render this method irregular as to results. 

s Testing by the faradice current i done by the examining electrode. 

and the strength determined by the movement of the secondary coil 

on the primary. The amount of acparation Ol the coils affords “4 

measure of the strencth of the current necessary to produce minimal 

scnsatlons. 


wos table of normal faradic excitability is given as follows: 
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Modifications in the Effect of Faradic Currents —Muscular contrac 
tion 1s chiefiy produced by the use of a faradic coil with coarse wire or 
one with a small length of secondary wire, perhaps 1500 feet. It is not 
produced at all, or not to the same extent, if a coil with fine Wire OF 
one with a great length of secondary wire, say 8000 feet, is used. Slow 
vibrations favor muscular contraction and the most rapid interruptions 
aid In preventing it. Faradic currents from a coil with fine wire and 
extremely rapid interruptions have an effect upon the nerve which i 
very beneficial in neuralria and neuritis. 

A faradie current of a quality to produce muscular contraction may 

have its strength regulated by motion of the secon: lary coil upon a sort 
of sledge. When the secondary coil is very far from the primary coil 
the current may be so weak as not to cause contraction. 
: Sensory perception follows a law comparable to the law of muscular 
irmtability so far as the epicritic sensations are concerned. To salvanic 
currents the first sensation is noted, according to Bordier’s researches, 
a3 follows: CCIS, AnCS, AnOS, COS. | 

Segmental Distribution of Sensory Nerves.—The researches of 
Starr, Kocher, Thoburn, and, more recently, of Head and Sherrington 
have served to bring out a series of facts concerning the relationship 
of the segmental distribution of the sensory nervous system. Each 
scement of the spinal cord has a more or less regular segmental repre- 
sentation in the periphery. Electric testing for distribution of sensa- 
tion has not advanced. so far as practical clinical purposes are concerned, 
to the same degree as motor tests. hut a careful study of these segmental 
areas in the skin affords a very important means of diagnosis of both 
peripheral and central lesions. “The spinal segmental distribution of the 
sensory nerve areas do not at all coincide: with the peripheral distribu- 

tion of the sensory nerves. (See Figs. 208, 299, 300, and Plate 9.) 
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Fig. 298,.—Cutancous distribution of nerves (after Flower). 


odal closure is thought to give a reddish flash, and anodal closure a bie 
tinge. Bremer has constructed special formulas for the reactions e 
optic-nerve stimulation. CC and AO over the closed eye, fs eee 
cause perception of a light central disk, surrounded by 4 narrow me = 
nee CO and AC cause a weaker perception in an Inverse OFUt : 
Electric stimulation of the eve with strong currents > nat without 
epecial dangers, blindness, presumably from retinal hamorshaney aie 
been reported by a number of observers from Duchenne's tit aie 
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Fig. 299.—Cutancous distribution of nerves (after Flawer). 


Song rao aparece. hesia of the auditory nerve. In some 
ee OE Oy perestnceia AC] and CO. which normaliv oive 
cule. sing da so. ’, Which normally give no re 
aes of auditory excitability may be encountered, and an inversion 
cr e = ae has been noted In Fare cases of inexact significance, and 
what 1s ae a parad Ale Teaction is known in which the opposite 
ear reacts, while that to which the electrode is applied does not respond 
or only feebly. Voltaic vertigo is described on page 387, pee 
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Fie. 200.—Cutaneois areas related to the spinal-cord segment (Storr). 


Stimulation by the anode causes an acid metallic taste; by the cath- 
ode, an alkaline bitter taste. Such gustatory sensations may be 
aroused by minimal currents and may be subject to loss. 


DISEASE OF THE PERIPHERAL SENSORY NERVES 
Anesthesia is best treated by a faradic brush electrode. 


* | ae 
DIAGNOSIS AND TREATMENT OF DISEASES OF PERIPHERAL MOTOR NERVES 
AND MOTOR CENTERS 


= x : he aes wzons will be 
For purposes of convenicnee central and permphe ral lesions 


discussed] together in the following pages. 


Palsies of Cranial Nerves 


al nerves affected peripherally are the 


The important motor crani ffected| periphersty 
pe CeO UA CER Leet ie ste Ore 


facial, hypoglossal, and spinal accessory. 
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: widest distribution, tupplying all the external muscles of | 

the superior oblique, which is supplied by the fourth, and the 
ernal rectus, which 1s supplied by the stxth nerve. The voluntary 
brie superior 1s also supphed by the third: 


art of the levator palpet TI 
the involuntary part, by the cervical sympathetic Nerves. Che third 
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nerve also goes to the interior of the eye, supplying, throurch the ciliary 


ganglion, the ciliary muscle and the sphincter pupille. The ciliary 
ranglion is at present considered by ‘| number of scholars to be the 
peripheral motor nucleus for the sphincter pupilla. _ } 
Ca mplete paralysis of the third nerve fives ptosis, external strabis- 
mus, inability of the globe to move upward, straight down, or decidedly 
inward. The pupil is dilated and does not contract on exposure to licht. 
Complete paralysis is rare. Hysteric paralysis is not unusual, but so far 
as the ptosis is concerned, is usually differentiated from organic paral- 
ysis by the absence of an overactine levator of the other side. 

Electric tests are unavailing in determining the peripheral or central 
character of a third-nerve paralysis, although the longitudinal reaction 
has been obtained in levator palpebre paralysis. 

In nuclear lesions it is important to bear in mind that the orbicularis 
oculi ts also involved. Transient ocular palsies, such as occur in oph- 
thalmic migraine, should not be confounded with true ocular palsies. 

Fourth-nerve paralysis causes a characteristic diplopia, which is not 
capable of electric analysis. 

Sixth-nerve paralysis—paralysis of the external rectus—causes a 
characteristic and isolated internal squint. 

_ Pherapy.—These ocular palsies may be treated by electric stimula- 

tion, but it cannot be said that the treatment is always satisfactory. 
Only after thorough antisyphilitic and antirheumatic treatments 
have been persistently carried out is one warranted in trying elec- 
tricity. Even in hysteriec ptosis one is not warranted in abusing the 
electric treatment for fear of excess of suggestion. Electric stimula- 
tion of the levator palpebre is at times useful. Such electric stimula- 
On 48 recommended by Everthain and Salomonson should be done 
by a button electrode applied about 1 inch under the highest part of the 
supra-orbital arch. 

_ The method followed for treatment of the ocular palsies by elec- 
tricity is by direct application of the cathode to the evelid, the anode 
being placed at the nape of the neck The finger may be used as a 
cathode, or small fine sponges may be employed. ‘ 

Rhythmic faradization with one electrode applied to the evelid 
at the insertion of the tendon of the paralyzed musele and the other 
electrode at the nape of the neck gives successful results," 

Pe screat f Bulletin officiel de la Socicte Franjaise d'electrotherapie, p. 135, 
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Lr whieh faraciic 


| c xeltability 1s present the paralyzed 

eS ES eee ee bs faradic currents and a trophic effect 
upon them may He secured by galvanic currents. One of the best ap- 
Dinca tions I= BIE cle Vi atteville. or ralvanotaraciic current. rhvthmie- 
ally varied in intensity and direction by the rhvthmie rheostat anc 
pale hanger Or Some similar apparatus. The ralvanic current has a 
maximum intensity of 5 or 6 ma. and the faradic coil has coarse wire 
and slow interruptions and a strencth of current suthelent to cause 
cont raction of the facial muscles. One electrode 1 held in the hance, 
and the other 1s apphed for about a minute to the motor point of each 
of the paralyzed muscles. In the absence of special apparatus the 
ralvanic and faradic currents may be applied separately. Stimulation 
by isolated induction shocks or by condenser discharges are more valu- 
able in treating the muscles of the face than those elsewhere. These 
museles are short, and do not have the mertia of a considerable weight 
to overcome. The abrupt contraction produced by the applications 
is not. therefore, so undesirable as it 1s elsewhere. 

lsalated tnduction shocks cause contractions which are much more 
sudden in onset and subsidence and much briefer In duration than 
physiologic contractions. ‘They are not generally desirable in electro- 
mechanotherapy, but perhaps are all mght for exercising the small 
museles of the face which normally do not have much resistance to be 
overcome by their contraction. | ; 

Paralvsis of the entire innervation of the seventh nerve is not com- 
mon, save in central lesions; paralyses of separate branches are very 
frequent. Itis a highly complex nerve, and is probably not r soe yea 
nerve, but has a sensory root as well, probably, as Hunt" has s pee 
in the geniculate ranglion. The typie involvements of the facial “ais 
take place—(1) Outside of the stylomastoid foramen, leading oe 
paralysis; (2) within the Fallopian canal; (3) between a= ‘ ag ae | 
from the pons and the geniculate ganglion, and (4) seh ea: ae oe 

(1) In Bell's palsy, due to refrigeration, to si bets ae ” 36 of che 
there is complete palsy of the muscles of the cort ee aie as thors acti 
face to both voluntary and emotional impulses. : shee raising of 
if an at tempt is made to shut the eve, there is pridizes % con levator pal- 
the evelid on the paralyzed side, owing to the _ eles the canjunc- 
pebrae. The face is flattened out and loses all 10s ¥ Japs a The evelids 
tiva becomes reddened, and the eye. Drm: Me Mage ee is relaxed. 
ean be closed practically only during sleep, when a if the cheek be- 
The food cannot be forced out of the paralyzed wes se 
hind the teeth, an, the vasolabial folds ane Cb 

Electric testing is advantageous In determining oe 

) | aks ation of Geniculate Ganglion, Journal of ‘ver 

‘Hunt, J. R., Herpetic Inflammation o 

vous and Mental Diseases, February, 190¢. 
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f a af ‘| 1 . ee | FY ry atk. Li of gl a ff tare ret rj F 
trunk of the facial may tested in two positions— 
j 1 
eT ey t hie descending i 


WU wih the masta process 


nm produces a contraction of all the muscles supplied 


. although contractions of the TMvecles of the Upper branches 


a rs a A s ; 
and corrugator supercilii—are fess POWerTa! than the others. 


it a normal phenomenon, and should not lead to a misinterpreta- 
as to the contractibility of these muscles. 
A second point 1s at the tragus of the ear. Here only the second 


urd branches are stimulated, and at times the reaction is wanting 


branches of the facial may each be tested separately. The 
stimulation of the upper branch causes wrinkling of the forehead and 
eyebrow: that of the middle branch, at a point just beneath. over 


the tuber ossis zygomatici, causes closing of the eye, smiling movement. 
urning up of the angle of 


nose, and a pout-like wrinkling of the upper 

stimulation of the lower branch CHwWUsStS turning over of thie uneler 
id, lifting of the chm, and drawing of the mouth downward and out- 
Ward. [In ma king these tests it 1s desiral ile to bear in i ine that of the 
three branches, the upper branch ts the most excitable. the middle 
branch the least, and, further, that tests with the faradie current are 
apt to be painful, and that with the galvanie current dizziness. licht 
flashes, ete., are usual unpleasant by-effects. Minimal currents should 
be emploved in all tests of the facial innervation. 

Reaction of dezeneration is often found very early, and is usually 
very complete. In mild cases reaction of degeneration may be absent. 
Reaction of degeneration comes on slowly; reaction to the induction- 
coll current may persist for a week or ten days, and no prognostic data 
are obtainable within that period. Reaction of degeneration of irreg- 
ular distribution, i. ¢., involving one or two branches only, 1s of better 
prognostic import, as a rule, than when the three branches are involved. 

Electric treatment is highly beneficial in most eases of Bell's palsy, 
electrically treated cases nearly always recovering more rapidly than 
untreated cases. Persisting reaction of degeneration should lead one 
to investicate thoroughly as to the cause, especially if it has been hastily 
inferred that the paralysis is due to refrigeration. 

The cases due to refrigeration (cold) have a good prognosis in the 
main. The treatment should be carried out daily, direct applications 
being made to both the nerve-trunk and to the muscles. Both faradie 
and galvanic currents are advisable in those cases with definite reaction 
of degeneration. It is desirable to place the positive electrode on the 
nape of the neck, and the negative electrode should traverse the innerva- 
tion of the afiected branches from the center to the periphery. Treat- 
ment of the skin and museles by the induction-coil is also advisable. 
The latter alone is needed if reaction of degeneration has not set in. 

Séances should not last.over five minutes on the AVerage. Mild 
cases usually recover in from two to three weeks—two to eight months 
Is not too long [or a severe case to persist and recover. 

In long-standing intractable cases anastomosis is useful, either 
through the hypoglossal or the spinal accessory. Following such 
anastomosis further electric stimulation is advantarcous. 

(2) In lesions of fie facial within the aqguatuct, One rr y find addi- 
tional symptoms due to involvement of other structures. notably the 
geniculate ganglion and the chorda tympani nerve. Thus various 
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cases. to wait until all SV Mptoms 
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t deterred for from ‘Bia rn cs poke and electric treat- 
ls, In facial palsies without taste involvement. but with loss of hear- 
ng, the nerve is involved between the geniculate ranglion and the Ha 
1 hese Cise: are ot mM requent in cases of fract ure of the skull. in banal 
CLISeaSe, and as a result of the herpetic inflammation of the reniculate 

é treated in much the same manner as the preceding 


bFeey 


They are to b 
£ToOup. 

_ (4) When the lesion is within the pons, there is no involvement 
of taste or hearing, but an involvement of the sixth nerve-is usually 
present by reason of the anatomic contizuity of the nucleus of that 
nerve. 

_ Electricity is of service in these cases as well, but does not. as a rule. 
five as hopeful results. These nuclear lesions are usually sv philitic 
or metasyphilitie, in the latter case often appearing very early in tabes 
and in general paresis. In these latter affections, naturally, electric 
treatment of the facial nerve is useless. 

Bilateral Facial Palsy.—This is a rare affection, being due most 
often to syphilitic basilar meningitis, or to alcohol, diphtheria, or 
double otitis media. Double geniculate affections have not yet been 
described, but are possible. In certain myopathies a pseudo-double 
facial palsy is encountered. cates 

In facial palsy of alcoholic, diphtherie, or otitic origin, the general 
procedures advocated for unilateral palsy are applicable. — 

Vagus Nerve.—Paralvysis of the soft palate and the larynx result 
from lesions of the vagus. In paralysis of the soft palate the reaction of 
degeneration is sometimes encountered, especially in diphtherie neuritis. 
In such a eondition electric treatment 1s of certain avall, particularly 
In shortening the period of regurgitation of food throuch the nose. 

In paralysis of the vocal cords from recurrent laryngeal mnvolvement 
electric stimulation is beneficial. | ak 

Adduector palsy is bilateral, the patient suddenly loses: the hae 
yet can talk in a whisper; there is no stridor, and laryngoscopic €x- 
amination shows the cords to move outward normally. . hveteric 

Adeecina: faradie shocks often make an immediate cure of 2) aber 
iphonia. (See Hysteria.) | 

 dousnal oh Nesvous aiid Mental Dicase, vol xxxiv, p78, February, 1007. 
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lysis due to tabes electric therapy is practically 


it palliative even im larvneeal crises 
ij 
i 


Lar Fis ull faz 


Spinal Accessory Nerve.—Involvement of this nerve 
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Hypoglossal Nerve.—Paralysis of the hypoglossal results in 


x 
hemilincual atrophy. Thik i a comparatively rare disorder. It may 
be of central or peripheral origin, In the former case depending on 
syphilis, tabes, or paresis. Tumors, stab wounds, basilar meningitis. 
trauma with marked sudden rotation of the neck, may all bring 
peripheral palsy. 
There are no part icular features attending the electric treatment 
of hypoglossal palsy. It is rarely isolated, as syphilis is the most fre- 
quent cause, in which case it 1s accompanied by associated palsies of the 
contiguous nucle. 

The peripheral cases frequently recover without any treatment, 
althouch electric stimulation hastens such a result. 


Bulbar Palsies 

As a result of acute or subacute poliomyelitis, several of the medullary 
nuclei may be involved. This is particularly true in what is known 
as glossolabial paralysis, which is a mixed paralysis, involving, for the 
most part, portions of the nuclei of the seventh and twelfth nerves. 
The electric phenomena observed in examinations in this disorder, 
whether in the acute or the chronic stages, are usually of a mixed 
character. There are healthy fibers interspersed with unhealthy 
fibers, the result being that an indefinite reaction of degeneration is 
obtained. some of the fibers retaining the normal reaction, while ad- 
Jacent fibers present typic reaction of degeneration. These mixed 
reactions are found im practically all the atrophies, especially of the 
central type; that is, when the motor cells in the medulla or spinal 
cord are involved. They are less often present in the paralyses of a 
peripheral type, and, therefore, are of a certain amount of diagnostic 
significance. 

_ The electric treatment of bulbar palsy offers a considerable field 
of operation. The best. results are usually obtained in the distribution 
of the seventh nerve, although it is not impossible to obtain some 
beneficial results in other nerve regions. | 

It should be borne in mind that bulbar palsy may be found in a 
number of conditions. It may be hysteric or infantile, or it may be 
due to unknown and unappreciated pathologic conditions, but its 
rricst lrequent OCCuUrrence 13, as has already heen stated. it poliomyel- 
itis, In chronic progressive muscular atrophy, and as a complication of 
amyotrophic lateral sclerosis. : | 

De eke ac sins already been called to the differentiation of true 

HEOBE Pals) from so-called pseudobulbar palsy, or mvasthenia gravis. 
Here the myasthenic reaction is usually sufficient to mark it. ; 

It should be borne in mind that clectric treatment of bulbar palsy 
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Paralyses m. the Cervical] Region 


As is ‘ell Lr stg Lk ee . 
ies | well known, the Spinal muscular tunes of nat is 
picture which is characteristic, [f the mothe oo pares have a 
its center, namely, in the canclinn .clt oe, Meuron is involved a 
! ey, In the ganelion-cell w th 3 Seta 
ae Sees eg 5 alae ta, Within the S0nteriy he ee aes 
spinal cord, the museles involved are usually aff ad f si sha cet chs 
They sc quire the full and ma: 5 re = SUEY al Sc tecl TOME Lie outset. 
and recovery is eradtal qe um amount of paralysis very rapidls 
and recovery 18 gradual and slow. Tp the perinhera iia Serf 
= re tf a “ar - ate = = ay c peripheral paralyses 1 € 
When tne motor Neuron bs affected tt ch ite ay ee Ce ee 
aabure Sn Tec ITOUrA Its distal distribution— 
oa PAT LPkUTL Severante Or acute presi e } is 7 : 
usually slow and » ; pressure—the onset of paralysis is 
Lis lia As slow and Pracual, and atrophy hecomes apparent aye sp 
some time. In both types the hmb, if the whole member is ina peat 
hangs helpless ‘or wtf ‘Tha 2.23 ey ember 18 mvolved, 
me 6 nerpiess—never stiff. The joints are relaxed and the articular 
=e eps are usually separated by the weight of the member. The 
hilt. war flabby and relaxed and show little or no myotatic irrita- 
buity. The tendon reflexes are partially or wholly gone. Their per- 
nce eats. tr Ph jlk = lg irs j hea Ane r = a re : ie 
eS Ss the face Of a flaccid paralysis usually means the implication 
OF the adjacent pyramidal tracts. 
os, - “aT : w aT i tn. = = * +. 
; Such POTTS of paraly S15 are Common in poliomyelitis, acute and 
eAronic, in amyotrophic lateral sclerosis. in tumors and hemorrhages 
within the cord, in embolism or thrombosis leading to softening. in 
the early stages of myelitis, in syringomyelia, and in the various forms 
ol neuritis, whether due to lead, alcohol, mercury, arsenic, diabetes, 
ete. The musele arrangements in the cells of the cord have already been 
reterred to, and the localization of the cell groups in the various seg- 
ments given in tabular form. (See p. 449). 
Functional or Organic Paralyses.—It remains first, in making 
& diagnosis in paralysis, either of the upper cervical type or of the lower 
lumbar type, or when hemiplegia or paraplegia 1s present, to determine 
whether the paralysis is organic or functional. The differentiation 
between these is in most cases comparatively simple, vet in a large 
number of others it is by no means an easy matter. This is particulariy 
‘ruc, for instance, in the early palsies of disseminated sclerosis, where 
the tremor and the weakness very frequently simulate a like con- 
dition in hysteria. As a rule, muscular atrophy 1s not an accom- 
paniment of functional disease, at least not in the early stages, and the 
electric reaction of degeneration never occurs in functional disorders 
Unless muscular atrophy is found as a result of many years of disuse ot 
4 muscle group. In some of these cases a reaction of degeneration sufh- 
cient to raise a query may be found. Asa rule, the functional paralyses 
involve whole groups of museles, or even whole muscle functions. 
Involvement of single muscles is usually diagnostic of organic disturb- 
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mplicated tendon reflexes offers a clue to (iarnosis. The re- 


Te most often studied and upon which most reliance may be placed 
are those of Babinski and Oppenheim. The Babinski ri jlex ts almost 
ariably present in the organic hemiplegias and paraplepias. The 
m reflex has much the same sienificanee as the Babinski 

reflex. 

Grasset's sign, which is less well known, consists in the Inability 
of an organic hemiplegic while lying flat upon the back to lift both 
the limbs from a table or bed, but being able to lift each one sepa- 
rately. The reason for this ts that the organic hemiplegic, by reason of 
defects about the pelvis, is unable to fix the bones about the pelvic 
girdle, and is thus unable to lift both legs at one time. The lees should 
be separated so that the one cannot mutually help the other. The 
hysteric has no difficulty in raising both legs—i. e., of course, speaking 
of the milder types of the disease in both instances. 

Certain of the more prominent paralyses of the cervical region 
will be here considered. The most important of these are the paralyses 
of the trapezius, sternomastoid, serratus magnus, scapular muscles, and 
deltoid. Certain combined paralyses of the shoulder-girdle, such as 
Erb’s palsy, are of great importance. 

sternomastoid and Trapezius.—These muscles are usually in- 
volved more or less in unison, their cell groups lving close to one another 
in the cord. When both are involved, a central lesion is predicated, 
although operations about the neck sometimes result in Injury to their 
peripheral nerve-supply. ‘The bringing of ténsion on the sternomastoid 
by foreed rotation of the head is usually sufficient to demonstrate a 
change in this muscle. : 

Paralysis of the trapezius results in a marked drooping of the 
shoulder, since this muscle is of so much importance in supporting it. 
The scapula is tilted with its upper end away from the median lime 
and depressed, the lower end approaching the vertebral column and 
elevated somewhat. On raising the arms above the head the outer 
end of the clavicle becomes visible from behind. 

Electric treatment by means of hoth ralvyanic and faradic shocks 
should be energetic and prolonged. In surfical cases associated with 
complete reaction of degeneration in all the fibers of the muscle after 
ten days or two weeks. prompt surgical splicing should be instituted. 
Even after months or years the results of surgical severance may be 
obviated by surgical intervention combined with electrie treatment. 

Serratus Magnus.—Paralysis of this as an isolated muscle is 
rare, though by reason of the fact that its nerve-supply runs in the 
substance of the scalenus medius muscle it may be subjected to trau- 
mas, particularly in neck operations. The deformity is characteristic, 
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circumflex. 
Electric Treatment for these paral yses differs In no essential par- 
Liculars from that in other parts of the body. 5 

Deltoid Paralysis. ‘The circumflex, derived from the fifth. sixth 
seventh, and eighth cervical nerves, supplies the deltoid and the teres 
minor. Inability to raise the arm is the chief sign in deltoid paralvsis. 
[he muscle wastes and the shoulder flattens. The acromion process 
becomes more prominent, the humerus at times hanging away from the 
JOINE. 

Paralysis of the deltoid may be partial or complete, and cases are 
recorded of reaction of degeneration ‘in parts of the musele, other 
parts showing normal reactions. These isolated paralyses result from 
surgical lesions, more particularly blows, trauma from axillary pads, 
crutches, pulling on the arm at birth—may all involve the cireumfiex, 
or the plexus which gives it origin. 

Rlectric testing of the teres minor 1s difficult to carry out. Testing 
of the deltoid is very satisfactory. 

Paralysis of the deltoid is usually an obstinate affair. Electric 
treatment riyes excellent results, hut there iz frequently Fi | residual 
defect, which often resists for years all attempts at restitution. = 

Combined Palsies.—The combined palsies due to trunk lesions 
must be distinguished from those which follow a lesion o! the Sees 
of the brachial plexus (Erh’s palsy). Dislocations of ube Ea 
joint, particularly if the head of the humerus should bese ae a 
are responsible for widespread and serious paralyses = rae dhe : erves 
more nerve-t runks of the br ehial plexus. A ciagnosis of Tie Der yts 
affected may be made from the paralyzed muscles. 
_ Reaction of degeneration soon develops ety 
implicated, especially after the pee ee for in such a con- 
stitial edema is apt to cause hard ana Sth jhtain, In many cases 
dition reaction | ‘eration is difficult to obtain. eae . covers 

; reaction of degencralio” enaive atrophies the presence of severe 
of neuritis which may cause extensive < ae tric treatment for some 
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af the brachial plexus, due to a severance or tearing of the root-hbers 


as they emerge [rom the spinal cord. As a rule, the chief damarce t 
e to the fifth and sixth cervical nerves, although onl tht ith, 


i only the sixth. or even the seventh, may be disturbed, and the mus- 
les most widlel’ impliente | are the deltoid, biceps, SU pin ator brevis, 
brachialis anticus, and the spinati. At times only the deltoid ts in- 
volved. There may be associated anesthesia on the outer aspect of 
the arm, due to the implication of the external cutancous. 

The position of the arm in Erh's obstetric pel sy, called obstetric 
because so frequently induced as an obstetric accident—pulling of the 
arm in delivery with stretching and tearing of nerve-roots—is very 
characteristic, especially 1f more than a mere paralysis of a few fibers 
of the deltonl 15 present. The arm usually hangs helpless by the side, 
the forearm being turned inward and backward, so that the palm of the 
hand ts turned backward and even outward. 

The electric reactions are of interest in showing the distnbution of 
the implicated fibers, since the biceps, coracobrachialis, and brachialis 
anticus are supplied by the musculocutancous, the deltoid is supplied 
by the circumflex, the supinator longus is supplied by the musculo- 
spiral, and the spinati by the suprascapular nerve. In traumatic 
affections of the musculospiral, and in the neuritides, particularly that 
of lead, the supinator longus escapes, since the spinal-cord cell-group 
hbers enter the plexus above the pomt of fusion that makes up the 
musculospiral nerve. 

Electric testing at Erb’s pornt—i. ¢., in the neck, about one inch 
above the clavicle, and a trifle external to the outer border of the sterno- 
cleidomastoid, 1s capable of throwing this entire group of muscles into 
activity, and when obstetric palsy is present, stimulation at this point 
Is unavailing. In Erb’s palsy, also called Duchenne-Erb palsy, other 
muscles may be involved, and a great dezree of complexity is known to 
OCCUN. 

The electric treatment of Erb’s palsy by means of both galvanic 
and faradic currents should be continued for a long time; many mild 
cases recover spontancously without treatment, but in the severer cases 
electric stimulation is of immense service. 

Musculospiral Paralysis.—This nerve is most frequently involved 
outside of the plexus, and causes a loss of power in the extensors of 
the forearm and wrist and the supinators. The wrist drops, the fingers 
are flexed but can be extended, if the proximal joint is flexed, by the 
Interosse7 and the lumbricales. Extension of the elhow 1s impossible: 
supp ofthe extensors causes the forearm to sink very materially 
biceps points ts nice = an very apparent. Inv olvement of the 
seri scariest yu hk et ie middle of the arm, and supination 
Nerve is ns all Jin | = led ormed. lf BE pmaeOn is entirely rare the 

S$ usually implicated below the middle of the arm. Sensory dis- 
lurbances are Irequent. . 
- lad mig S eiiarcrisi id paralysis if pressure due 
chair, or poor adjustment of a ¢ 26 aro Raney Overthe back obs 

Poor najyusiment of a cruteh. 

PMacesiciye St pla in the various muscles innervated by 
to distsnguiak: ce Pires rea les ier a diagnosis of this palsy, and 
Salta et wider implications of the brachial plexus 
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Median herve he 


involved aiove 11s muscular brane hes from wounds In the Loreairm, 
raeture of the ulna and radius, injury at the back of the elbow, from 
pressure of a crutch, or from injury to parts of the plexus, Plexus 
mniures will not give isolated median-nerve involvement. 

The chiet svmptoms of involvement of the median nerve consist 
m the loss of abilits to flex and to Pronacte the forearm: this latter fe. 
relative rather than an absolute loss. Flexion to the ulnar side of 
the wrist i possible. The hand cannot grasp anvthing well, and the 
thumb cannot be brought into apposition with the tips of the fingers. 
It cannot be abducted either. Pain 1s a frequent symptom, and there 
is a characteristic anesthesia pictured in works on neurology. 

Injuries to the nerve in the wrist causes a paralysis, limited to 
the movements of the fingers. Atrophy of the thenar eminences is 
usual. 

The median nerve is frequently affected bv toxic agents, with result- 
ing neuritis, although this 1s rarely isolated. 

Treatment of paralysis from median-nerve neuritis, or of that 
due to injury of the nerve-trunk, by means of electric currents differs 
in no essential respect from the methods to be pursued for other neuri- 
tides or paralyses. If electric testing shows the reaction of degenera- 
tion to be limited to the distribution of the median, it is highly probable 
that the injury is due to some mechanic cause. ; 

Ulnar Nerve.—This is derived from the brachial plexus, and is 
supplied to the flexor profundus digitorum, flexor carpi ulnans, all 
the museles of the little finger, the imterossei, two ulnar lumbricales, 
abductor pollicis, and the flexor brevis pollicis. Many of the muscles 
of the hand are supplied in part by other nerves, hence there & not a 
complete loss. A characteristic deformity, the claw hand, & a usual 
result of ulnar paralysis. The deformity ts general, but the third and 
fourth fingers are most affected. : 
_ The ulnar nerve is particularly exposed to damage by reason ol 
Its exposed position. Wounds in the forearm, at the wrist, fracture of 
the ulnar or radius, dislocation, fractures or contusions at the clbow, 
all may lead to injury of this nerve. Isolated neuritis is known. 

Head, Rivers, and Sherrington have shown that the ulnar nerve 
carries epicritic fibers of touch to one and a half fingers, and the ulnar 

Portion of the palm and dorsum of the hand. It carries sensation of 
pricking from the little and ring fingers and the palm, save from the 
thenar eminence, and all the dorsum to the ulnar side of the middle of 
the middle finger. If the nerve be divided, there is loss of sensibility to 
cotton-wool over the entire little finger and half of the ring finger, with 
the same limited area in the palm of the hand. There is lao an Ares 
which is insensitive to pin-prick over the entire little finger, and a por 
tion of the palm at times very limited, at other times coéxtensive with 
the area lost to light touch. 
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Spinal Motor Centers and Motor Nerves of the Lower Extremity 


ninvolyed in Injures than are those of the Lipper 
= 


rv Mmntter int Of is mar Ape to be the ant ct 
Cery icnl rec iT] 
Are usiunlly Afiected more than thom rt the Upper 
. ue part icularly true of the peer ne. A short conaider- 
riven to the chief paralyses of the thigh and leg. Their 
treatment may be considered in one paragraph. 

Obturator Nerve.—This is derived from the third and fourth 
lumbar nerves, and supplies the adductors of the thigh. It is a rare 
form of palsy, chiefly causing difhculty in crossing one leg over the other 
ind in spreading the legs apart. The disorder is known to follow 
diffeult child-birth, but ts usually a transitory affection, 

Anterior Crural.—Disease or injury to this nerve in different 
parts of its course, If within the pelvis, may give rise to Joss of power 
to flex the knee and loss of hip flexion. If outside of the pelvis, flexion 
of the Knee alone is involved. An anesthesia of the entire thich. save a 
long Y-shaped area in the back of the thigh, is present as well. 

Sciatic Nerve.—If this nerve is involved above the middle third 
of the thich, the flexors of the knee, the extensors of the hip, and 
all the muscles below the knee are implicated. If below the upper third, 
only the muscles below the knee are involved. Paralysis of the sciatic 
Is a comparatively rare affection. Sensory disturbances are, however. 
very common, and primary neuritis or sciatica is one of the commonest 
of neuralgic or neuritic affections. 

Peroneal Paralysis.—Involvement of the external and internal 
popliteal nerves causes preat loss of the ability to get about. The 
tibialis anticus, long and short extensors of the toes, and the peronet 
are all involved in external popliteal injuries. The resulting deformity 
1s foot-airop, with after-developing talipes equinus, due to the unop- 
posed action of the gastrocnemius. As the external popliteal ts super- 
ficially located it is injured by pressure, by fractures of the fibula, and = 
occasionally diseased primarily. ; 

The internal popliteal supplies the tibialis posticus and popliteus, 
as well as the chief muscles of the back of the leg, the long flexors of 
the toes, and the muscles of the sole of the foot. In injurv or disease of 
this nerve the foot cannot be extended, and the leg cannot be inwardly 
rotated when flexed if the popliteus is affected. Injury of the internal 
popliteal takes place in extensive fractures of both bones of the leg. 

Plantar Paralysis.—Involvement of the external plantar nerve 
causes a loss of power in the interossei, the adductor of the big Cui 
the two outer lumbricales, and the accessory flexor of the foot. Walking 
i# interfered with, the spring having departed from the foot. The we 
if apt to strike, and stumbling is usual. The special sensory area is 
sharply limited, ‘ Sten 

Injury to the internal plantar nerve brings about a paralysis of 
the short flexors of the LOes, the muscles of the big to, save the adducto i 
and the inner lumbricales. It causes a somewhat similar, although 
much lew marked, difficulty in walking. 3 weer ante 3 

Treatment.—The clectric treatment of these palsies differs in no 
e#sential reapects from that already outlined in previous paragraphs, 
In general, one can derive considerable assistance, so far as prognosis 
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li pain be not a prominent 


feature, the electric reactions should be tested as early as the second 
week; any earlier is valueless, so far as diagnosis is concerned. In 


general it may be said that if, at the end of from two to three weeks, 
we obtain a typic reaction of degeneration, it 1s probable that the 
paral ysis will persist for at least three months, and may even be found 
at a much later date—a year or so. If, after three months, no distinct 
improvement has been observed, it has been generally held that no 
hopeful outlook can be mamtained. This, however, is not the case. 
for continued and unremitting attention paid to the chronic paralysis 
will almost invariably result in the restoration of considerable power, 
at least, and the general rule that if reaction of degeneration is present 
in a muscle at the end of three months such musele is doomed. & in 
need of distinct revision. This may even be said of those reactions of 
degeneration which are found in paralyzed groups, even aiter a year, 
although in such cases the outlook 1s more gloomy. 

If a partial reaction of degeneration is found, or mixed reaction, 
the chances are much better, and if in the milder cases of neuritis or 
peripheral palsy due to injury other than actual division of the nerve, 
4 partial reaction of degeneration occurs, the patient will probably 
recover power in from eight to ten weeks. rs 

If the reaction is simply one of a lessened contractility to faradism 
and galvanism, the chances of recovery are good, the patient usually 
recovering full motion, although somewhat diminished in strength, 
at the end of from four to five weeks. ye 

The methods of application for the electric treatment of paralysis in 
the lower limbs have already been outlined and are further discussed in 
the paragraphs on Electromechanotherapy. | 

All electric treatment should, if possible, be associated with massage 
and exercises. 


Hysteric Paralysis 


Faradic currents are used to cause contraction, while at the same 
time the patient makes a voluntary effort. This forms a sort of re- 
edueation. Sensory hysterie paralysis always yields to faradism, with 
rapid interruptions and a brush electrode. Hysteric amaurosis or more 
or less contraction of the field of vision are treated by faraditation 
with one of the electrodes applied to the eyelids. Hysteric aphoma 
is treated by faradiam, and usually is quickly cured, though one case 
se eos resisted all kinds of Aresmeny) including soon sug- 
EGtion. Hysteric vomiting is treated by galvanic currents. — 

H Sarin: omtie stival ce Marediaabion with a brush-eleetrode ap- 
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reneration of heat, and complex processes of tissue activity. 

ot a seis & —_— , ; cel . . ml a 
i [t must be borne in mind that electricity has a speciiic tome effert 
upon muscular as well as other tissues, which it exerts whether mus- 


cular contraction is produced or not. This direct effect is more de- 
pendent upon the quantity of electricity passed through the muscle 
than upon abruptmess in the change in the strength ol the current. I hie 
direct effect upon the nutrition of the muscles is produced chiefly 
by galvanic and sinusoidal currents, and 15 obtamed by forms of ape 
plication which do not necessarily produce muscular contraction, and 
also in cases of degeneration in which no contraction can be produced 
by any form of current. 

 Confining attention st rictly to elet romechanotherapy (the therapeu- 
tic production of muscular contraction by electric stimulation), we find 


it indicated in most muscular paralyses without marked reaction of 
degeneration. It is sometimes important to avoid stimulation of the 
antagonistic muscles which respond more readily than the paralyzed 
ones, and would lead to increased deformity. If this occurs from uni- 
polar stimulation with the indifferent electrode upon the back, it may 
often be prevented by placing both electrodes on the paralyzed muscle. 

The limb should be placed in such a position that contraction of 
the muscle stimulated will produce a normal movement. 

Very often some power of volunt ary movement is present, and it is 
desirable to apply electric stimulation to assist individual attempts 
AL voluntary Movement. 

As Improvement takes place the factor of movement against resist~ 
ance is to be introduced, making the effect still more like the physiologic 
effect. 

Too long treatments will produce fatigue in the same way aa too 
prolonged natural exercise. This is to be avoided. 

_ Method for erercisi ng paralyzed muscles by the static induced current 
is described on page 494. 

Stimulation by galvanic currents is excellent in its trophic or 
tonic and nutritional effect, and with moderately strong uninterrupted 

currents, 15 ma... has an execllent effect without causing muscular 
contraction. To produce the latter the galvanic current must be made 
and broken and should he much weaker, to prevent discomfort. This 
involves the loss of some of the benefit obtained from the trophic action 
of the current. 

_ Galvanic currents are usually applied so as to flow with the phys- 
lologic direction of the nerve foree. For the treatment of the motor 
herves or of the muscles the positive clectrode should be near the nerves. 
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oie shoul be annie] to fhe motor nerye 
Stimulation by isolated induction shocks produces abrupt mousey 
tions, Which are better than none, but which are lees desirable 
type. It gives none of the 
the Quantity of eleetreity 
¥ small. ; 
iiacharges is open to the same ob ection 
ndpomt, though the certainty with which each 
{ makes it a Valuable dingnostic methel. 
‘tthed chiefly employed for electromechang 
‘ilrawbacks as isolated induction discharges 
Lise s. The contractions produced by it are not as 
irable as physiologic contractions, and the quantity of electricity 
» small to produce the direct tonic effect of the current. If the 
faradic current is employed, it had better be applied with one electrode 
Or the Moir nerve or the motor 
moint of the muscle, while the 
other electrode tw on the back 
or chest or some other indiffer- 
nt place, and the application 
< made simply to cause mus- 
eular contractions, bemg supple- 
mented by the galvanic current 
for ite trophic effect. 
The combined effects of 
faradic and galvanic currents 
may be obtamed by either their 
simultaneous or their successive 
application. The first method 
will be considered a little later, 
under the head of Faradogal- 
Vane Currents. The second 
method is one by which galvanic 
currents of any desirable strength 
are applied for ten minutes from 
electrodes covering the whole 
aftected muscle, either before or 
after a series of muscular con- Fig. $01.—Faradie and faradogalvanle cur- 
tractions have been excited by sanctes. 
the faradic current. : 
Lewis Jones’ experiments show that a faradic coil without an iron 
core gives currents without such abrupt increase and decrease in strength 
and proluces less abrupt and disagreeable muscular contractions than 
When the coil has an iron core. Even so modified, however, the faradie 
coil produces quite an abrupt beginning and end of muscular contraction, 
With a period of tetanus lasting from the time the current is turned 
on until it is turned off. This is not at all like the physiologic con- 
traction, and is, therefore, less desirable than the contraction produced 
by the author's method of rhythmic variation by rheostat and ports 
changer, or by the other method of sinusoidal currents with rhythmic 
Yarnation, 
Parade alvanie 
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proper effect is shown in Fig. 301, 2, and the incorrect effect is shown 
in Fig. 301, 3. 

The sensation produced by galvanofaradization is different from 
that ot either of trie COMPONCHL currents separately. [ts effect is to 
false muscular contraction and trophic stimulation, but applied in 
the ordinary way by means of a key that makes and breaks the current 
ADrUptivy the Muar ular contractions have the sare unnatural character 
na With the dimmple fnradic current. 

The author's melo of ApyM iin faradogalrante currents produces 
muecular eontract tors Whieh close] y resemble phvaologie hed, muna 
makes the application agrecable. ane causes it to be followed by © sOnse 
of museoular power which is moat exhilarating and beneficial. [it con 
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ca Th cual Maximum strength in the Op- 


again gradually returns to zero, 
oi | | n the bands, one feels his grip gradually 
tighten and relax, Hirst in one hand, and then in the other. as the Mmaxi- 
mum ¢urrent i attamed in cach direction. All the muzcles of each 
upper extremity are affected by the trophic influence of the galvanic 
Currepnt. arid the muscular contraction May he ealisen| to involve a3 
many of these muscles as desired by regulating the strength of the faradic 
urrent. The application is entirely free from shock and other dis 
agreeable sensations. Its alternating character prevents irmtation of 
the skin bv the accumulation of ions, and enables one to secure the bene- 


A good contact is the chief essential. The contractions closely simu- 
late physiologic ones. | 
These currents are of great value in peripheral paralyses and m 
constipation, where the electrodes are applied at either side of the ab- 
domen. aa 
The same picture (Fig. 302) shows also the arrangement for utilizing 
the 110-volt direct current in galvanic, faradic, and deWatteville appli- 
cations, continuous or interrupted. = = 
In the author's apparatus there are three different secondary wind- 
ings of the same faradie coil, made instantly available by turmmg & 
switch indicating 1500, 3000, or S000 feet of wire. The ribbon ol 
brating interrupters regulate the rapidity of the Interruptions from the 
fastest to the slowest, and the two separate primary coils ney have 
the same or different rates of vibration. There 1s a sledge upon — 
the single secondary coil may be moved toward or away from the pri- 
mary coils, The farther away the weaker the current and the physi- 
ologie effect. ae mes eee Weare Ai 
Gaiffe’s Portable Apparatus for Exciting Phy eee erase 
tions of Muscles.—The apparatus is useful in cases wher Ms rani "s 
or atrophic muscles are to be exercised in order to arc pres ages eur- 
tion, but not in eases with the reaction of degeneration... 0) brane 
rents cause muscular contractions which are unnatural in the . pti 
ness with which they begin and end. Voluntary muscular sagen 
Commence gradually, andl after ELAS their sageanapie gy as 
relax. The apparatus described by Delherm! sangphese ay samaiotteg 
this type by the application of a sinusoidal current, pars eae sis h a to Zero. 
zero to a maximum strength, and then gradually diminishes ; 
1 Bulletin officiel de Ia Societe d'Electrotherapie, August, 1007, 





MEDICAL ELECTRICITY AND RONTOEN RATS 
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It is portable. Fig. 303, from Delherm, shows the current 

wthe ware of mips viar contractions obtained with the Ap 

Fic. 304 shows the current curve with tsolated induction shocks 
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som s faradic coil and the waves of muscular contraction produced by 
hem. Fig. 305 shows the current wave from the usual farndic current 
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and the tetanic muscular contraction produced by I. 


] enéis are currents which are uniform and unilirectonal, 
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hut which are made and broken with a rapid rhy thm similar to that cl 
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Fig. 203.—Sinueoidal current with Fig. 304.—Isolated induction shocks, 
rhythmic variation in strength Mus Abrupt muscular contractions. 
cular contraction similar to physic- 

Logie ite. 


he faradie current. They produce a contraction similar to that from 
araddic currents, amd are Open to the same object Ions AS to abruptness 
of beginning and ending and as to a tetanic condition during the ape 
plication, and as to the small amount of electricity which traverses 
the musele. Ledue currents or any other similarly rapidly mterrupted 
currents of more than 15 ma. would produce intolerable convulsions, 
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Fig. 305.—PFaradic current. Muscular tetanus, unlike physiologic contraction. 


These currents have a slight advantage over faradie currents for clectro- 
mechinotherapy in the fact that the periods of current and the strength 
of the current can be exactly regulated, and are subject to none of the 
irregularity present in even the best induction-coil. 

Gaiffe's Large Apparatus for Electromechanotherapy.—The 
AP Parnt tis (Fig. ooh) has a primary col through which AISses AN alter- 
hating current which may be taken from the ilternating electric-light 
elreuit nriel thie strength of which is regulated by a volt-controller. No 
Inberrupter bs required; the alternating current in the primary frencratea 
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mi n muscles to which sponge electrodes are applied. 


An Automatic Rhythmic Rheotome for Galvanic, Faradic, and 
deWatteville Currents.—(n hil 


terminal is fixed in position, while 
er can swing around horizontally In almost a complete cirele ancl 


unst the other by the action of a spring resembling 


ng of a watch. <An electromagnet is placed in a vertical 


thon near an iron baron the revolving contact, but ata lower level, a 
ving contact can swing back and forth over it. When the 


7 
ae | =a 
P Trevots 


t is turned on, the electromagnet attracts the iron bar and breaks 

The current ceasing, the electromagnet ceases to attract, 

@ spring swings the iron bar back into contact again. The rapid- 

of interruption may be varied from S80 to 2000 times a minute. This 

ne by the adjustment of a stop which regulates the distance to 

which the iron bar may swing away from the point of contact. This 

apparatus forms part of the author's table for utilizing the 110-vyolt direct 

lectrie current for galvanic and faradic currents and for diagnostic illu- 
mination (Fig. 302, p. 470). 

Unidirectional Undulatory Currents of Low Potential._— 

Bordier’s observations? lead him to the conclusion that these CuUITenis 

represented by the curve in Fig. 288 are even better in their effect upon 

muscular atrophy than the rhythmic, gradually alternating currents 


Fig. 908.—Unidirectional undulatory current. 
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given by the apparatus (p. 470) employed by the author. The apparatus 
lor producing these currents differs very little in appearance from the one 
alluded to. It consists of a rheostat with a sliding contact, which is 
moved back and forth from the zero-point by an electrie motor. 

The physiologic effects of the application of these currents to museles 
and motor nerves are quite different from those of ordinary ralvanic 
currents made and broken by a key, or by the mefronome interrupter. 
Phe indifferent clectrode should be a large plate, eA Urn 5 by 
5 inches, and covered with several layers of damp cloth and placed 
under the patient's back. The active electrode usually connected 
with the negative pole is a sponge electrode, 24 inches in diameter. 
fhe speed of the motor is varied so that it takes from one to two 
seconds for the change from zero to a maximum current, and an equal 
length of time for a return to zero, The contraction which occurs 1s of 
& gradual character, like a physiologic contraction. The strength of 
the current required to produce muscular contraction in healthy mus 
cles is greater than with sudden makes and breaks of the galvanic current, 
and in atrophic museles as much as 10 to 5O ma. may be required. ‘These 


‘Journal Physiotherapie, November 14 1007. 
7 Arch. d'elect, med., ee 25, 1008. a 
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These currents are Va uable in the Lreatment of museular atrophy, 

| Leduc Currents. Leduc’ s Apparatus for Low-ténsion Interrupted 


Currents.°—The constant current from a galvanic battery, a storage- 
DACLEry, OF i dynamo IS Interrupted by a wheel interrupter, which is 
sept m revolution by an electric motor. The interrupter is placed in 
series, 50 that one wire from the battery leacls to t he interrupter, and a 


wire leads trom the interrupter to one of the electrodes applied to the 
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Fig. 309.—Leduec interrupter. 


patient. The wire from the other electrode applied to the patient leads 
to the other pole of the battery. 3 

_ The wire leading from the battery to the interrupter is connected 
with a stationary brush which has a broad surface for contact with the 
rim of a revolving disk. The latter consists of metal, but has two 
insulated sections at opposite sides. The wire leadimg away from the 
interrupter is connected with another brush contact, the position of 
which is adjustable. When the movable brush is directly opposite the 
hxed one, as in Fig. 309, A, both brushes are in contact with the con- 
ducting part of the disk at the same time and for the same length of 
time. As the disk revolves at a uniform speed, the current flows fora 
certain length of time and then ceases to flow for a certain length of 
time. These periods of current and absence of current are exactly pro- 
portional in duration to the length of the conducting and the insulated 
Portions of the circumference of the wheel. 

Displacing the movable brush (as in B, Fig. 309) so that when every 
part of the fixed brush is in contact with one end of the conducting 
section, while only half of the movable brush is m contact with 
the other end, produces a change in the relative duration of the 
Periods of current and no current. With the same speed of rotation the 


Arch. d’elect. med., June 25, 1907. 
23 Ibid., September 15, 1903. 
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Fie. 310.—Character of Lede ourrents. 


parallel or a rheostat reculating the outside resistance. A rheostat will 
gencrally be required with a storage-battery. Both a rheostat and a 
volt-controller or shunt are generally required when the 110-volt direct 
electric-light current 1s used. 

The strength of current ordinarily required is less than with the 
ealvanic current—usually from sy to 15 ma. The maximum strength 
of 50 to SO or more ma. sometimes used with the galvanic current is 
never to be used with the Leduc currents. The effect of the latter is 
that of a series of abrupt makes and breaks, and this would be exceed_ 
ingly disazreeable, “TLL perhaps dangerous, with SErOne Currents. 

The current strength may be measured by with aperiodic galvanometer. 
This will indicate fairly well the average or effective strength of the 


Y OMA | 
Fig. $11.—Character of farndic current from a long secondary coil with an irom core. 
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current, and from this and the relation between the periods of flow and 
See ODE MAY, i desired, calculate the absolute st rength of the cur- 
rent when actually Howlne. om: 
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' St cilference in } il ential at the two elect rH les where they “re ap- 
P 4 to the patient, and also the resistance of the patient’s body, may 
bay Le . P F ib! * ; ‘ 7 nha, I _= - ' ba i i, = = 
connected m shunt with the two electrodes 
f 'f arairts r if 5 1 » ft, a , 7 oes on . ‘ > 
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ae clireetion. x 1 rie vith hit the 


Difference Between Leduc and Faradic Currents (Figs. 310 and 311)— 
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currents are all in the same 
same polarization occurs which has such a tendency 
-4 vitlate measurements and cause irritation when the galvanic current 


-- weaj. The faradic current 1s alternating, and is not open to this 


ahiection. ‘Lhis objection to the Leduc current may be overcome by the 
aeeasional use of the pole-changer, without which no electric apparatus 
ean be eonsiiered complete, or by the use of an apparatus giving alter- 


ie OE 
nating Leduc currents, or, best of all, by transmitting the Leduc currents 
throuch the author’s rhythmic rheostat and pole-changer. 
The Leduc apparatus may, therefore, be considered A most valuable 
-~nrovement over the faradie coil for diagnostic purposes. Its aa- 
vantases for treatment are not so well established, although Ledue's 
‘electric sleep" is thought to be a condition produced by the sage et 
unidirectional current which the alternating discharge irom 4 faradic cu 
will not produce. ‘There is no doubt at all that the utmost regularity 
it the syceessive currents is desirable Li every case. but unudirect ional 
currents may not always be preferable to alternating ones. The = 
that the induced currents from a faradic coil have a higher voltage ¢ se 
that of the direct primary current In the same cou eet eels Sager eae 
the problem. The Leduc apparatus allows of the rte ae: rede 
renis of equally high tension. Bot h the Lecdue and the aradie ‘ ae 
are. however. known as low-tension currents. lee Aare 
that applies more properly to the dischange from a sSatN tet i nee 
Oudin resonator, or a KRuhmkori col.  . eRe a, TEE, a 
eegoarhi a cs not in thousandths of an inch, as in the Leduc anc 
the faradic currents. ee ea ee 
Ledue has found that the most effective sicchecunentct Copa 
contraction is obtained when the duration of = aT : this length 
is - 4. second each time. Adjusting the apparatus thal it is 
of current waves and for a frequency 0! aay Linch ne ite muscular 
slmply necessary to deter mine the voltage nece=""- the milliamperage 
contract ion: or. what 1s sometimes more convenient, Woe ‘ ' . 
required with clectrodes of a certaim area of contact. or a tote 
‘The contractions ordinarily elicited by: elect re flow or absence 
closing and opening of the circuit, and ae ict a riod of the current, 
of current. ‘They seem to be duc to the % ariable pertcn chich the cur- 
a very short, but still a measurable length of time pion diminishing to 
rent 16 increasing from zero to Its Maxi strengin or ieee 
HET. | ‘pe Fo a FAIVADIC 
The variable period of the current At the cowuren Se 
circuit has been found by Blaserna to he O<.00045 second, ana 
opening of the cireult it 1 0.00027 second. 
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Effect of Leduc Currents upon Animal Development and Nutrition. — 
In experiments by Bordier and Bonnenfant! the negative electrode 
was placed at the nucha and the positive electrode over the sacrum: the 
skin was shaved. 

: tabbits adhout three weeks old were treated every other day. The 
interruptions were 3/20 a minute. The first rabbit experimented upon 
had convulsions and fell over on its side with a current of I8 ms. The 
current was then reduced to § ma., and allowed to flow for ten minutes. 
At the second such treatment the rabbit died. probably from com- 
pression of the trachea by an elastic band used to hold the clectrode 
In place. Other rabbits showed complete anesthesia and a somewhat 
accelerated respiration with a current of 18 ma., and this was followed 


by § ma. for ten minutes. The animal showed no bad effects. Sub- 
sequent applications to this rabbit were 15 ma. at the start. followed 
by * a. for ten minutes. Only twice during the two months’ course 
or treatment did the rabbit show any bad effects. On these occasions 
there was transitory paralysis of both legs. The result was that while 
the rabbit experimented upon had in the beginning weighed 15 grams 
more than the control rabbit which was not treated, it weighed 100 
grams less than the other at the end of two months. It had crown, but 
hot S60 fast as if it had not been treated by clectricity. peas cone be 
intermission in the treatment it grew faster than the other rabbit. 
os ee rabbits weighing over 3 kilograms were treated In the same 
“s ay. she current was interrupted 43°90 times a minute, and was run 
oP. ko 45 or 40 ma. at first to produce anesthesia, and was kept at 10 ma. 
days, with a result that there wore then ee eae 
weight of the animal, and a change in the radiation | the t fi at aa 
to 3000 calories per hour. | ; on of heat trom 1600 
The Current. of electricity flowed during two-thirds of every period 
‘Arch. d'electricité medicale, April 25, 1905. Ya ae 
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PRACTICAL EXAMPLES OF THE USE OF CONDENSERS IN ELECTRO 
THERAPEUTICS 


IN CONNECTION WITH THE STATIC ELECTRIC MACHINE 

To Apply the Static Induced Current (Fig. 312).—The inner 
armatures of two Leyden jars are connected with the two poles of the 
static machine, while electrodes connected with the outer armatures are 
applied to the patient. Each time the inner armatures are charred, a 
eyrrent is induced through the patient in one direction. And when the 
‘aner armatures are discharged by the passage of a spark between the 
+wo discharging rods of the static machine, a current passes through 
the patient in a direction opposite to that of the charging current. The 
‘nner armature of the jar connected with the positive pole of the static 
machine becomes charged with positive electncity, and by inchuction 
repels positive electricity from the outer armature of the ane Leyden 
jar through the patient to the outer armature of the other jar. Nepa- 
tive electricity is repelled from the outer armature of the jar connected 


Fig. $12—Static induced current, regulated by slowly separating A and B. 


with the negative pole of the static machine through the patient to the 
other jar. On the discharge of the Leyden jars the charges on the 
external armatures are released and pass In the opposite direction. i 
1 convenient to speak of the clirect ion In which the posive hues 
passes as the direction of the current, and this is from the jar ey ea 
With the positive pole while the Leyden jars are becoming charge d, an 

in the opposite direction while they are being discharged by the agi re 
of a spark. The rapidity of the alternations a not very great—it. = 
merely that of sparks, and they may be readily counted. The quantity 

ol eleetriecity transmitted through the body depends principal iv upon 
the size of the Levden jars, while its tension depends principally upon 

the length of the spark-gap and, of course, is limited by the power of the 
tate machine, ‘ 7 17 : 

Sn isolated condenser spark may be applied from a small Leyden 
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the patient seated or standing or living about $ feet from the static 
eden jar, his fingers grasping the outer metal coating. A wire or 


chain which need not be insulated is fastened to the outer coating. and 


machine, but not upon an insulated piathornm. he ODeCratol holds s 
Li 


at its other extremity to & Water or fas-pipe, Which effectually grounds 


it. The static machine is to be in operation, and its discharsing rods 
are to be fixed at a certain distance apart, and this regulates the voltace 
of the charge. The latter cannot exceed the amount required to spa rk 
across the air-space between the discharging ris. The Levden iar 
iz held so that the inner electrode, that is, the brass rod connected with 
the inner metal coating or armature, touches one of the discharsine 


rods of the static machine. It takes only a short time completely to 
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Pig. 313.—Isolated Leyden jar spark applied to patient. 


charge the Leyden jar, and it remains charged until the inner electrode 
is applied to the patient. A spark is then produced, the patient and the 
earth completing the connection between the internal and external 
armatures. From the standpoint of convenience in handling, as well 
as with regard to the physiologic effect, the appropriate size of Leyden 
jar 1s one consisting of a glass bottle 10 inches long and about 24 inches 
in diameter, with external and internal armatures covering the bottom, 
and extending 34 inches up on the sides of the jar. The operator ex- 
penences TO sensation either when charging the jar or when applying 
the spark to the patient. The capacity of the same Leyden jar is, of 
course, aly ays the same, but the quantity of electneity which tt takes 
to charge this capacity, as well as its tension, is increased when the 
distance between the discharging rods of the static machine is increased. 
This distance should be 4 inch at the commencement of the examina- 
wee Ir : reatment, anc may he gradually increased to 1. or possibly 
“ iiches, depending upon the nature of the case, the sensitiveness of 
the region to which the spark is a plied, and the individuality of the 
patient. The spark may be applied through the clothes or directly 
tothe skin. Isolated condenser discharges may be applied in rapid suc- 
cession, and every one be perfectly regulated. Almost any type of 
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Leyden Jars or Other Condensers as an Essential Part of High- 

frequency Apparatus.—< single example will suffice to illustrate this 

is of th Condenser prinerple ‘ b yy. La shows a form of cine weet 

emp* yed by the author. FP and P" are the poles of an <-fay coll or an 


r-rav transformer, whose discharging rods or spintremeter are wide 
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apart. A conducting cord passes from each pole of the coil to the in- 


Fig. 314.—Leyden jars as part of apparatus for generating high-frequency currents. 


ternal armature of a Levden jar, and between the internal armatures of 
the t wo jars there 1s aoe acl) ustahble spa rk-ea p. St eu SEBS By : ne 
cylinder to muffle its noise. The external armatures of the two jars are 
connected one to the beginning of a flat spiral of insulated wire, and the 
other to the second, third, or fourth turn of the spiral, according to the 
efiect desired. The internal armatures of the jars act as large capacities 
because each forms part of acondenser. A sufficient output 2 Snika 
frorn the coil OF transformer Lo overcharge the Levden jars at each Sr 
pulse from the eml. Taking the right-hand yar, for Instance, Its internal 
armature receives at a eertain instant a positive charge which drives 
the positive electricity from its external armature through the desired 
number of turns in the spiral resonator to the outer armature of the ayes 
jar. At the same instant the internal armature of the other jar has 
received a negative charge, and the negative electricity is repelled 
from its outer armature through the resonator to the outer armature of 
the other jar. The result is that the outer armature of one Leyden jar 
18 charged with positive and that of the other jar with negative elec- ; 
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in elvably rapid oscillations each tume that a cischarce occurs. 
resonator or spiral wire acts as a self-inductance, and mereases 


tage of the electricity supplied to it, so that an efluve from 1 to 4 

nche= lone tr be obtained qi the electrode. 
‘conden CTS Ct in the same Way in all the high-frequency appara- 
connection with resonators and solenoids of different types. 
i tC either to Increase the electromotive force, or as choke cols Li) 
reduce it, OF arain. in autoconduction cares, to induce high-frequency 
currents in the patient. 
Condenser Electrodes.— These are especially useful m the applica- 


Lion Ol high Trequency urrents. Fig. 315 shows one type with a leading- 
In WIre and a metailic rod extending down through the middle of a glass 


Pig. 315.—A condenser electrode. 


tube, which is closed at the extremity. The tube contains air or other 
gas which may or may not be partially exhausted. When this elec- 
trode is applied to the skin or to a mucous membrane, the patient's 
body becomes the external armature of the condenser. The glass and 


0 nn ee 


Fig. 316.—A. condenser electrode. 


air of the tube form the diclectric and the metal rod the inner armature. 
Another condenser electrode (Fig. 316) consists of a metal rod with a 
hard-rubber covering. ) 

The ordinary vacuum electrodes (Fig. 317) for high-frequency cur- 
rents have a similar principle, If they have a leading-in wire the com- 
munication of the high-frequency charge to the contents of the tube is 
perfectly direct. If there is no wire, the metal socket of the handle 
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DOU LC positive charge repelled irom the 
indice forms the positive charge of a condenser whose 
ture is the rarefied gas, whose diclectric is the glass wall of the 
and whose external armature is the surface of the patient. ‘The 
- receives by mduction a negative charge, negative electricity in 


the patient's body being attracted to the surface of the glass dielectric. 


CS 


and positive electricity bene repelled to the most distant possible part 


of the ren ti ni’s body. With the exceedingly rapid alternations in 
polarity which charactenze the high-frequency current, clectrostatic 
charges Sure back and forth through the patient's body. These orig- 
Inate in and are concentrated ait the surface of contact with the vacuum 
electrode, where the local effect is, therefore, createst. They extend to 
every portion of the body, as can be easily demonstrated by touching 
any part of the patient lightly with the tip of the finger-nail. The 


Fig. 317.—A vacuum electrode. 


characteristic violet light is seen between the finger and the patient, 
and there is a slight smarting sensation from the passage of innumerable 
mucroscopie sparks. The experiment produces no shock or muscular 
contraction, and none of the sensation which has so long been associated 
with the name of electricity. Chemic changes produced by the current 
in the deepest tissues show that the charge is not limited, as m the ease of 
static electricity, to the surface of the body, but that it also penetrates 
every portion of the body. : 

_ Another type of condenser electrode is made by filling a glass tube 
with a liquid which is a good conductor, or by eoating its interior 
with metal. Condenser electrodes filled with salt solution have a greater 
Clectnic capacity than vacuum electrodes of the same size and shape. 
They give 4 somewhat stronger current with the same adjustment of 
the high-frequency apparatus, but do not themselves become hot, as do 
the Vacuum electrodes. This is a noteworthy advantage over the lat- 
ter. They are not liable to be ruined by breaking down of the vacuum, 
leakage that 18, which is practically impossible to repair in the case of a 
vacuum electrode, and which is usually the result of overheating at the 
hanclle or of an excessive current puncturin # the diclectric, or of mechanic 
violence, screwing the handle on too tight, or knocking the tube agamst 
some hard object. This type of condenser electrode does not get hot; 
it does not contain a vacuum, and is, therefore, not affected by a minute 
fissure which would terminate the usefulness of a vacuum electrode. 
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Fig. 318.—Principle of the vacuum electrode in contact with the patient. 
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high-frequency currents. Such an electrode may consist of a gl 
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tube sealed at the end applicd to the patient, and having a wire ex- 
tending practically its whole length. A small thickness of air acts as 
part of the dielectric, the other part being the glass wall, and the two 
armatures being the wire and the patient. 

The ordinary vacuum electrode Presents quite different conditions. 
There 1s a long space of perhaps as much as 6 inches between the glass 
im contact with the patient and the charged metal handle or leading-in 
wire. Electric induction cannot take place to a sufficient extent in a 
condenser having a diclectric 6 inches thick, and air at the ordinary 
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Fig. 319. ~Principle of the vacuum electrode held at sparking distance from the patient. 


pressure will not act as a conductor of electricity unless jonized. And 
even then it is not a sufficiently rood conductor for this purpose. The 
Vacuum electrode contains air or other fas at a pressure of +s), atmos- 
phere, the Geissler degree of vacuum, which is an excellent conductor of 
the high-frequency current. 

The operation of the condenser electrode may be diagrammatically 
shown asin Fig. 318. At a certain instant the metallic handle fram the 
high-frequency apparatus may have a positive charge. It induces, 
through the glass at that point, a negative charge in the conducting 
medium, ©. 7., rarefied air or saline solution, contained in the tulwe, aa 
consequently a positive charge in the distal portion of the conducting 
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held there just as in the “dissected Levden jar.” 


THE USE OF CONDENSERS IN CONNECTION WITH INDUCTION.cCOILs 


This 1s of the greatest importance, and has been considered on p. 139 


NEURALGLA AND NEURITIS 

Satisfactory cistinctions between the neuralcias ancl neunticdes are 
not easy to draw. The severe necuraleias pass over into mild or severe 
neuritides, whereas, the mild neuritides may be considered as neuralgias. 
It 1s largely al question of derree. So far as the severe neuritides are 
concerned, however, certain grave alterations are found in the nerve- 
trunks which are not known to exist in neuralgias. Such are cell in- 
filtrations in and about the nerve-fibers, proliferation of new connective 
tissue causing pressure, and various degenerations which are usually 
peripheral, but which also may be interpreted as central in origin. 

The chief neuralzias which are amenable to electric treatment and 
which the electric therapeutist is oftenest called upon to treat are those 
of the tigeminal, brachial, the musculocutaneous, and the sciatic nerves. 
There are other neuralgias, such as ovarian, coceygeal, the neuralgias of 
herpes, ete., which occasionally call for electric treatment, but in general 
those of the facial region, brachial, and of the sciatic distribution are the 
most obstinate. 

In the consideration of the treatment of the neuralgias one should 
bear in mind always the question of referred pains. These referred pams 
have been so exhaustively studied by Head, Dana, McKenzie, and others 
that we are now in a position to refer the vast majority of the so-called 
neuralgias to certain disturbances in the viscera. These visceral dis- 
turbances, as is well known, send or cause nerve impulses to travel to the 
spinal cord, which, coming in some sort of contact with certain Sensory 
nerves in the spinal seement, are referred to the skin area of these seg- 
mental nerves. ; | 

These skin areas have been very accurately mapped out by the 
researches of the authors mentioned, and it is well known, through 
these researches. that the whole surface of the body may be divided 
Into areas which correspond to or represent the cutaneous surface In 
contact with the nerves of the visceral organs. This leads ia the develop- 
ment of cutaneous tenderness in practically all referred pains, and this a" 
& Very essential factor in the diagnosis of this type of so-called neuralgia ct 
These cutancous tendernesses have a marked feature in contrast he 
the pains, which are perceptible over the area of a nerve-trunk, such as 

are frequently seen in the neuritides. 
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into consideration the manifold origin of these sffections. The 
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tment of neuralgias due to visceral cdiseases—in other words, the 


ncuraleias—consists cssentially in the use of electricity 
as a counterirritant, the counterirritant being applied, if possible. m the 
area corresponding to the viscus affected. Medical treatment of the 
viscus should not be overlooked, being often of more value than the 
electric treatment of its reflection only, so to speak. 

Referred pains in the head, neck, and face are frequently the result 

) [ the nose, the eye, the car, the tongue, the teeth, the tonsils, 
the larynx, or of the brain itself. Finally, a number of the internal 
viscera, such as those of the thorax and abdomen, which receive their 
herve-supply from the vacus or the rlossopharyngeal Nerves, are capable 
of inducing referred pains in and about the head and neck, and some very 
persistent neuralgias of the face are often due to disease of viscera below 
the diaphrazm. 

Electric Treatment of Neuritis.—In cases of neuritis the nerve is 
usually to be treated by galvanic currents; the paralyzed muscles. by 
faradization or galvanofaradization. Ae 

oimusoidal currents may be applied in the same way as faradic or 
galvanofaradic currents, and often succeed in cases of neuritis where 
these currents have failed. | 

Static Induced Sparks for Neuralgia.— These are applied by a metal 
electrode through the intermediary of a stat ic rerulater. Direct static 
sparks are also useful. 4 a 

_ Trigeminal Neuralgia.—The most persistent of all the neural- 
gias of the face is that known so widely as tie douloureux. This 
xciongs to the group of neuralgias due to disease of the sensory can- 
rlion. It differs, somewhat, although not always, from the ordinary 
herpes neuralgias in that it is more persistent, more severe, is usually not 
associated with paralysis, and does not cause an herpetic eruption. This 
is not an absolute rule, but is the general course of the disease. Any 
one of the chief branches of the fifth nerve may be invol ved, and in the 
more protracted cases it is usual to find that all the distribution of the 
hfth nerve is implicated, and in the chronic cases certain t rophic changes 
usually accompany the onward progress of the disease, i 
_ Ordinary faradic or galvanic electricity, more particularly faradiec, 
8 practically of no value in the treatment of trigeminal neuralgia, save 
perhaps in the very early stages. The principle of a counterirritant 
does nit apply to these ences, as it does to the treatment of referred 
pains. Certain modifications of electrie treatment, however, have 
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ade three days later, since which time (one month after the application) 
there had been no return of the pain. Ledue has never given the 
subsequent history of this case, and it is certain that to report such a case 
one month siter does hot prove the permanent efficacy of cataphoresis 
in the treatment of this affection. 
| Berg mié has advised a method of applyme very heavy currents 
by means of electrodes which cover the entire side of the face. The cur- 
rent 1s applied in as large doses as from 60 to 80 ma., the active electrode 
(aluminum electrode covered with damp wadding or clay) being the 
positive pole, and being very accurately fitted to the surface and model- 
ing of the face. The duration of the application should be at least half 
an hour. 

Bergonié’s Method for Trigeminal Neuralgia.—Correct technic is 
extremely important when applying currents of this strength, in order to 
avoid dangerous shocks or burns. The electrodes must be large, and of 
such a nature that the current will be uniformly distributed over all 
pots of contact. An ordinary sponge electrode often has one or more 
places where the metal is almost directly in contact with the skin, and 
consequently practically the entire current would pass to the skin ata 
small spot and produce a burn. The active positive electrode Is made 
of sheet metal fitted to the shape of the side of the face, and with three 
prolongations extending over the forehead, the upper jaw, and the 
lower jaw. Felt, clay. or kaolin wet with solution of sodium bicarbonate 
prevents any metallic contact with the skin. The indifferent, negative 
electrode is of the same nature, and is applied at the nape of the neck 
or between the shoulder-blades. A rheostat should be used to turn the 
current on and off extremely gradually. E ne 

A continuous current of as much as 60 ma. will sometimes sueceed in 
greatly relieving a case of trigeminal neuralgia after extraction of teeth, 
herve resection, and removal of the Gasserian ganglion have failed—and 
the improvement may be permanent. eee 

The Methad of Mild (falranizahion.—Three to twelve millramperes 
may be applied for an hour at a time from similar electrodes. | 

(histribution of the Current in Applications to the FF ace.—The heavy 
galvanic currents which are sometimes applied for facial neuralgia, 
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of simular currents in rabhits are duc to a primary stimulation and an 
ultimate paralysis of the nervous system along these conducting paths. 

The method of heavy Currents tor long applications is to he apphed 
with great caution, and only by an expert Physician. The following 
physiologic efiects are introduced at this point to enforce this admoni-| 
tion. 

Although the electric treatment of triceminal neuralgia 1s of grea 
service, particularly in the milder cases, it cannot be aaid that at the 
present time any sure electric method is known for the very severe 
CASes, anid Ont DIWst sometimes have recourse to surcical pr ec UreS 
Which have been advised. Alcohol Injections into the substance of 
the Gasserian ganglion or the affected branch of the nerve have proved 
to be the simplest and most efficacious method of treatine these affee- 
tions. Such Injections are easy of application, are not attended] by 
any disastrous by-effects, and the experience of Sehlosser. Levy, anc 
others shows that relief may be given for years at least, even if such 
injections do not make a permanent cure. 

: fT realms ri of Trigeminal! Neuralgia fy x-ftay mruil bry High-frequency 
Currents.—These important and often successful methods are described | 
On pp. 573 and 1084. 

Radium.—This has also been used. but without lasting success, in 
the cases which the author has SPe7). x 

Cervicobrachial Neu ralgia.—Neuralgia in one or more of the 
branches of the brachial plexus is not infrequent. The pain is usually 
felt in the neck, and shoots down the nerve-trunks to the arm and fore- 
arm. Movements of the arm are usually very painful, and the hunched-up 
shoulder and half-carried arm are characteristic of the attitude of these 
patients. The most frequent causes of brachial ne ralpias are exposure 
MO cold OF injury, tumors, and poisonine from gout, aleohol, lead. or 
s¥ philis. : | 
_ Brachial neurit is may be an expression of a preater degree of Injury 
7 the herves at their origin in the plexus, or somewhere in their course. 

lere the Pain 15 apt to be more severe, the nerve-trunks themselves 
become tender, anc trophic changes take place Ln the muscles, the skin. 
and the nails, 
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: ; hial neuritis are extremely obstinate. 
persisting At LImMes for Months rather than weeks, and they tax the 
thera] wutic resources of the attencdine physician. 

In addition to ordinary methods of treatment by rest, salicylates. 
iron, heat, and general supporting measures, counterirritation by 
means of the actual cautery and the use of electricity are the two most 
satisfactory measures to employ. 

Electric currents are harmful in the very early stages of the affection. 
and practically the only forms that are of service are the direct, hich- 
frequency, and sinusoidal currents. Induction currents are usually 
harmful. Exercise, at least so long as pain is present, is very prejudi- 
cial. 

A mild galvanic current, not over 5 or 6 milliamperes, should be 
applied. The positive pole is to be applied over the painful nerve- 
trunks: the nerative pole, to the back of the neck. The currents should 
not be interrupted, but should pass continuously over the affected nerve- 
trunks for at least ten minutes. The pole should be shifted from time to 
time, but not removed from contact with the arm. 

The sinusoidal arm bath is of value when the pai has reeeded 
to such a derree that the pain is felt only on movement. High-tre- 
quency currents are often beneficial in the treatment of the chronic 
painful stages of the disease. They relieve pain greatly, even when 
they exert no marked effect upon the course of the neuritis. 

Intercostal Neuralgia.—Bergonié’s method of covering the painful 
area with a large positive electrode and applying currents of 50 to 80 
ma. for half an hour at a time is effective here. The same careful 
technic is essential as in cases of trigeminal neuralgia. The tray 1s 
very effective in these cases. Glass vacuum electrodes from the Oud 
monopolar resonator also succeed very well. A local eleetrie-light pan 
is excellent, producing its effect chiefly by dry heat, and uf se 
slightly blistered, this does not cause pain. nati DIOS 

Sciatica.—This is perhaps the most frequent of all the neura site 
of the body. Lying, as it does, in an exposect position, the SClatit ean 
is subjected to frequent stretching, and not infrequent chuling aaa 
trauma, It is a medley, in reality, of conditions rather than. one): an | 
what has been written with reference to the occurrence of referred ieee 
must be borne in mind in all cases in which pain in the-sciate: Se: 
distribution is found. the 

As a referred pain, sciatic neuralgia 1s frequently fo und bases 
of affections of the prostate gland, of hemorrhoids, of hasure of the oe 
and in a few visceral conditions in women associated with retrodisplace- 
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tribution as a rule; those due to herpes may involve 
most of the branches. The true perineuritic seiaticas vary considerably. 
sometimes Involving only a few branches, at other times occupying mast 
of the entire distribution. The aArOnizZine and paroxysmal nature of the 
pain is one of its chief characteristics. It is usually Increased by move- 
ment of any kind, and more particularly so by all those movements which 
call for hyperextension of the nerve. Tenderness along the nerve-trunk 
is usually present. It is apt to be absent in the referred Pain sclaticas, 
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O far as electri treatment of sciatica is involved. it should he 
considered purely as an adjuvant, although high-f requenecy current 
applications ane those of La due’s low-tension Interrupted CUITENL Are 
often of immediate and permanent relief in a number of the most in- 
tractable cases. 

In the referred pain sciaticas counterirritation by the faradic brush 
or the static breeze is of signal service, but is useless in the severe peri- 
neuritic cases. 

Heavy constant currents are valuable for their sedative effects. 
Large electrodes should be used, and long applications are necessary— 
30 to 60 ma. for from ten to twenty minutes—one electrode over the 
iliae fossa, the other to the sciatic nerve in some part of its course. 
Both ascending and descending currents should be tried, since the deter- 
mination of the best direction of the current has been, and is still, the 
subject of considerable controversy. In both acute and long-standing 
cases high-frequency currents are of very great service. They seem 
to have most value in cases in which thickened painful nerve-trunks are 
present. Just why, is not known. It is highly injurious to attempt 
Lo treat sctaticas of the perineuritic type too early. Absolute rest is the 
frst requirement if one would avoid the chronic infiltration connective- 
“issue changes which inevitably lead to the more protracted chronic 
forms of the disease. Even the use of the constant current, which 1s the 
only admissible form, should not be begun prematurely. 

Various forms of the sinusoidal current are useful in the subacute 
stages. The bipolar bath with this type of current is most satisfac- 
tory. It should be used only when relief follows its application. If such: 
usape provokes pain, it is wiser to delay its application. : 

In the very obstinate forms it may be assumed that adhesions have 
been formed. These may frequently be diminished by the use of high- 
frequency currents and ultraviolet ray emanations. The results in Some 
of the author's cases (p. 573) have been magic. 
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Static Induced Currents for Sciatica.—The 
lated, and holds uk large plate electoode 
APA CUPS of the positive Leyden Jair Upon the skin cl the CDigastric 
Seaanere rs staal] metallic ball electrode from the external armature of 
the other Leyden jar has an insulated handle by means of which it is 
applied to the skin in the lumbar region over the emergence of the =ciatie 
nerve from the vertebral canal, and then to the different painful spots 
without breaking contact with the skin. The discharging rode of the 
stauic machine should be separated far enough to produce visible con- 
traction of the lumbar muscles at each spark. This separation will 
usually be less than half an inch. After ten minutes’ use of the negative 
eect rade the ex MMOeC CONS may CMe changed SO 3S To make the positive 
electrode the active one. A static bath with powerful sparks along the 
lower part of the spine and the sciatic nerve may be given at another 
treatment, alternating with the static induced current treatment. The 
best results are obtained from daily treatments, and De Blois reports 
oU cures out of about 100 cases treated. 

General Measures for Sciatic Neuralgia.—aA great many cases require 
some general treatment, dietetic or medicinal, and by static baths or 
hydro-electric baths with sinusoidal currents, without which the local 
electric treatment may fail. 

The Method of Galvanization for Acute Cases of Sciatic Neuralgia*— 
This is applicable from the very first moment of the attack, but does not 
succeed so well after the case has become chronic. An electrode, 
preferably the positive, but this is not essential, 6 by 7 inches in zize, 
8 placed over the upper part of the sciatic nerve, a convenient way 
being for the patient to sit upon this electrode. The other electrode is a 
large one, bent so as to fit around the calf of the ler: or the other electrode 
may be formed by a foot-bath extending up to the ankle. <A certain 
amount of glycerin added to the water will prevent a burn occurring at 
the upper surface of the water. Wearing a stocking also acts as a pre- 
ventive. The current strength is to be from 30 to 50 ma., and 1s to be 
applied for half an hour to an hour—at first, every day. 

The prognosis may be judged of by the results of the first few treat- 
ments. If this treatment has been begun a few days after the outset 
of the attack, and no marked relief is obtained in seven treatments, the 
tase is probably dependent upon a constitutional cause, and it will take 
several weeks to effect a cure. If relief is prompt, the ease will be cured 
SsOoner, | 

Galvanic Currents for Sciatic Newritis.—There is the same arrange- 

i adi Apri LG, Dt. 
3 CN ae rar ‘de Phvaicibeconin August, L903. 5 at 


patient 1s not Inst- 
connected with the external 





5; = a = 
44 ney LT a [Pak 


= : w = | 
3 Certain remedies which 
re oe & 5 a nik i : a | ms 
CimMimnishing thi proliferation oj COnNCE- 
- basse = 1 J 1 : : ' 
7 POTRS3IUM tocdid has been wa C 1Or Vears, 


moo =e = r | | al = | . 
a, (UL " FADE Of UCTulness = very 


LHIOZINAMIn ‘rhe A eri ily ein athe bwoer re crtitrt= 


treatment of conditions Accompanicad Gy prolife ration 
a nf : : l= S i] > 1 . = 
LC former has a very Umited range of ap Pil- 


= || | | = 2 | F yO | | = f " 5 : & he - 
nm, DUE the latter may be toed in some of the chronic cases accom- 


_ 3 

1 all . | 
1 4 : 5 ® i | 1 
he COE = hat 


by thickening of the nerve-trunks when other remedies have 
cessed to by of service, Massage in COMbDINAtION with eleetricity te 
frequently of value, but should never be uzed in the acute or subacute 
sturces. that 14. when thi nerve-trunks are tender. Ist what el; ctrolytic 
ionization may clo for the DerIMeuritic Scmtioeas 18 on open question, : 

Surgical procedures, such as stretching the nerve. are hazardous. 
but dissection and actual division of definite adhesions which may be 
found and longitudinal splitting of the nerve has been practised to ad- 
vantage. 

Treatment of Lumbago by Faradization.—Sponge electrodes 9 
inches in diameter are applied, one on the vertebre and the other shifted 
from one painful spot to another. The fine wire coil with very rapid 
vibrations is used, and the strength is increased as toleration is estab- 
lished. Mechanic vibration of th- affected muscles finishes the treat- 
ment, which takes ten minutes and may be repeated once or twice a day. 

Electricity in Renal Pain.—It often happens that a patient who is 
sent for z-ray examination for calcull, and in whom none is found, will 
be very much benefited by the z-ray exposure. 

Galvanofaradie currents as strong as the patient can bear may be 
applied from two electrodes about 4 Inches in diameter, placed one 
in front and one behind the painful kidney. 

Neuralgia of the Testis.—This is treated by positive galvanization 
with as strong & current as can be borne. The testicle is Wrapped In 
moist cotton, outside of which is lead-foil connected with the con lucting 
cord. The negative electrode should measure 4 by 5 inches, and is 
applied to the lumbar region. 


ELECTRICITY IN TREATMENT OF ORGANIC DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 


SPINAL CORD 

The chief diseases of the spinal cord may be grouped as those due to— 

(1) Disease of the motor ganglia—poliomyvelitis type. 

(2) Disease of the motor paths—Isteral sclerosis type. 

(5) Disease of the sensory paths—tabes dorsalis types. 

(4) Diffuse disease—myelitis type. 

(9) Intraspinal disease—syringomyelic type. ae 

_ Diseases of Motor Ganglia.— Poliomyelitis; bral barr palsies In higher 

distributions; chronic arophies (Paliomyelitis chronica), mixed types; 
amyotrophic lateral sclerosis. The chief diagnostic features of the polio~ 
myelitis syndrome are loss of tendon reflexes, muscular atrophy, trophic 
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abUun- 
) ) are all the cells in the nuclei 
supplying the muscles equally affected. Thus. notwithstanding very 
severe and deep implication of a muscle rroup, many of its fibers are 
spared, and the gang] lon-cells are capable of stimulation, with retardation 
of further degeneration in the muscular fibers. This appreciation that 
functional muscle-f bers are oiten retained for a long time in infantile 
paralysis was first pointed out by Duchenne, of Bouloene, and it is very 
easy to neglect this poimt of view in the study and treatment of these 
cases. Special efforts should, therefore, be directed to the cultivation 
of these residual sound fibers, in order that they may themselves retain 
what capacity they have, which, without proper physiologic stimulus, 
would inevitably be lost. 

The more extensive the nucleus of origin of any group affected may 
be, the more certain it is that sound fibers and unaffected cells will be 
found. It is, therefore, of preat importance in making the diagnosis of 
any given case, so far as electric results are to be obtained, to bear this 
definite fact in mind. Reference to the cell groups in the cord (see p. 
449) may be made to determine this point. 

In general it may be said that the grades of injury in acute pollomye- 
litis are at least threefold. Certain muscles show great weakness, but 
are not completely paralyzed; reaction of degeneration varies within the 
limits of the muscles, but it is not absolute all over; trophic changes are 
not present to any marked degree, and there are few evidences of tem- 
perature changes in the affected member. These are the muscle groups 
for which mild exercise, passive movements, and massage result in 
ultimate recovery. but there is no doubt that electric stimulation, if not 
begun too soon, at least not for eight to ten weeks after the onset ol the 
Paralysis, will hasten the recovery very distinctly. Even after years of 
héeglect such museles may be helped by proper electric stimulation, par- 
ticularly in those cases in which the reaction of degeneration is not 
marked or is absent. Cases are certainly on record of some ten to 
hfteen years’ standing in which Improvement has followed the electric 
treatment. a 

As for those patients in whom complete reaction of degeneration 15 
found, leas can be done by electricity. They are not hopeless, however, 
by any means, and a marked return of power may be found in muscles 
which, for a long time, have shown very typic reaction of degeneration, 
éven when it has extended over a considerable period of time—even as 
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of repair are noted in the gradual modification of these SVMIpPtoms to 
ir 


conditions more nearly approaching the normal. The circulation im- 
proves, the limbs commence to fill out, the blueness becomes less marked. 
and the temperature rises. 

Electric treatment may be carried Out in + bath OF by ordinary elec- 
trodes, and should be aided by manipulative movements, licht massage, 
and passive resistance movements. 

Later, electric reactions COMMMenCe tO Appear as the few non-ciseased 
hbers commence to take on normal functions. The first reactions are 
usually those in response to the induction-coil. 

The static wave current has been applied for a profound local effect 
in infantile paralysis. Electrode of 22 gauge soft metal, 11 by § inches, 
to upper half and lower two-thirds of spine alternately for twenty 
ininutes with 8 or 10-inch spark-gap from 8-plate static machine.! 

Exercising Paralyzed Muscles ty Static Induced Current—The large 
indifferent electrode, 10 by 14 inches, is moistened and applied to the 
back. Smaller ones are strapped to several different affected muscles 
and all connected. Connections are made with the outer coats of the 
two Leyden jars. Slow speed is turned, and a spark-gap that will yield 
marked but not painful contractions (140 per minute) for about ten 
Minutes, 

Light, mechanical vibration, and massage are also used. _ | 

Jones’ summary represents the author's position so thoroughly that 
we cannot refrain from quoting it in this place: ; 

“In every case of infantile paralysis which is not clearing up satis- 
factorily it is important to apply electric treatment, continuing It for 
£1X months to a vear or more. , 

“It is the exception for a muscle to be so completely destroyed by 
poliomyelitis as to be without any functional fibers, and these remaining 
bers can be cultivated by persevering stimulation of them. _ 

_” Where the muscles show only the reaction of degeneration, or even 
where reactions are entirely abolished, some improvement may be hoped 
for in a good percentage of cases. See er 

“The amount of restoration which may be possible in a muscle will 

‘W. B. Snow, Jour, Advanced Therap., October, 1912. 
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Progress. Musenlar ilrophy.—This is a 

sof varying causation, pathologic change, and outlook 
to treat them all as one disorder. Two ceneral types are 
he differentiated—the neuritic and the central. Irregular reactions 
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atrophy abzolute loss of electric response is the rule. 
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and consecutive treatment will retard the progress of the atrophy. 
In the central or spinal types this effort is rewarded with more suc- 
cess than in the neuritic or mvopathic torms. Erb has recommended 
. direct application of the galvanic current to the spmal cord, laying 
narticular et ress on direct clectrization of those seements of the cord in 
which the major implications are to be found—usually the cervical or 
lumbar enlargements. Jones recommends the use of the induction-coil 
currents in mild closes in these cases. 

Progressive Muscular Afrophy.—Hydro-electric baths with triple- 
phase currents cured a case reported by Albert-Weil. roe ik 

As to the use of other forms of electric stimulation in the chronic 
atrophies, experience is not yet cumulative enough to enable one to 
come to definite conclusions. High-frequency currents have been used 
by a number of observers, among whom Denoyfs has reported good 
results, but one is compelled to withhold conclusions in the cases re- 
ported up to the present time. Lier FE: 

Disease of Motor Paths {Lateral Sclerosis Type).— On general 
principles it may be said that disorders of the pyramidal tracts are not 
only not helped by electric treatment, but, on the contrary, are harmed. 
Lp to the present time there are no reports of help coming to these cases. 
In those cases in which pressure on the lateral tracts by tumor causes 
the affection, z-ray treatment occasionally diminishes the a1 of the 
tumor, but its use is not advisable unless surgical intervention 15 abso- 
lutely impossible. | 

In multiple sclerosis no definite progress has been made. Certain 
cures have been reported, but these were undoubtedly eases of hysteria. 
It is well known that multiple sclerosis has periods during whieh im- 
provement takes place, only to have the patient slip further back at 
the next advance. Psychotherapy also has a marked value in helping 
patients with multiple sclerosis to make less of their ills than 1s their 
usual wont. 

_ Certam advances ought to be made in the electric treatment of mul- 
tiple selerosis patients. The tissue proliferation is of a type which, by 
analogy, should be affected by high-frequency currents, just as we know 
that the perineuritic inflammatory exudates of chronic character are 
modified. The field is not hopeless by amy means. 

Disease of Sensory Paths (Tabes Dorsalis Type).—The evidence 
bearing upon the availability of electricity for the treatment of disorders 
of this Eroup i far from being conclusive, Much depends upon the 





ELECTRICITY ANT KONTOEREN RAYS 


It is admitted that the cure of true posterior 
any yet devised form of eleec- 
li “tl minor pela i rial peed, 
finetions of thi las 
= dorsalis has n 
‘seen why there is any 
liotabes of neuritic nature following poje ing by aleohol. lead. 
‘rgot and its allies, or other agents causing a mild ascending 


‘recover a Pte] th a4] plica l Ion of the eleet I le: treatment, 


7 y t rr 7 M4 | cima bb = Th i i th, ll rt k — > a ~, au . | . 
ren certain in these cases nat the me UFitic process has De Ty 


In its repair by the electric ity. These pPeeucdotabes cases re- 
after treatment by almost anything, or nothing and hence it is 
proht to argue the questi i W ithout a. raison d’vtre. 
plication ce Oralranie f" 
rei 


by Means of Cell-baths.—The patient may be seated in a perineal bath. 
which forms the positive electrode, while both forearms rest in baths 
which are connected with the nerative pole. <A falvanic Cultrent of 25 
to «30 ma. is rradually allowed to flow for about ten minutes. The 
treatments are given three times a week for four to six weeks, All the 
current passes through the patient ’s body, and according to the rule by 
which Currents travel chiefly by the best conducting path, We know 
that a large proportion of it traverses the spinal cord. Allard and 
Cauvy,' who suggested the ahove technic. beheve that a favorable effect 
may be exerted Upon the hyperemia anc the sclerosis, anc especially 
the lightning pains and the transitory paralysis of the early stages of 
the cise ase may he benefiter]. 

Vesical (Crises in Locomotor Ataria. Treatment by Galrante Cur- 
renis.—The bladder is filled with boric acid solution, and a negative 
urethral electrode is introduced into the bladder. A large positive 
electrode is applied over the lumbar region, and a current of 40 ma. is 
gradually turned on and allowed to flow for fifteen minutes. Treatments 
are civen twice a week. 

Can it be claimed that electric treatment will delay the progress 
of a tabes case? In view of the great chronicity of the affection 
and its irregular course, particularly its long periods of non-progres- 
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sion, it is hazardous even to claim this for electric treatment in this 
disease. 

The last word. however, has not vet been spoken, and it will be pre- 
mature to negative on 4 prior! grounds some new claimant to thera- 
peutic honors. It is certain that the radium treatment, r-ray treat- 
ment, Finsen-light treatment have thus far disappointed their advo- 
CALeS. 

The requisites for proving the claims are extremely severe, in view 
of the many-sided character of this affection. | 

The z-Ray and High-frequency Currents Applied to the Spine in 
Locomotor Alaria.—The author has seen great lasting improvement, 
though not a cure, IN a case which was also treated by mercurial 
Injections. 

Diffuse Spinal Disease (MWyelitis Types).—In those patients in 
whom the paraplegia is spastic we cannot look for much relief from 
electric treatment, but in the ataxic types associated with lost knee- 


' Rev. Internat. de med. et de chir,, April 10, 1906, 
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mein which such treatment has been followed by definite and ynmix 


ble sizns of betterment. Raymond has reported the good effects 


ray treatment ina number of cases. The pains have been stopped, 
. progress of the atrophies delayed, and other signs of improvement 
licated a regression in the tissue proliferation in the syringomyelia 

Experiences of this are, up to the present time, too frag- 
mentary to permit of wider generalization, but the results im the cases 
reported have been striking. This, taken into consideration with the 
well-known conservatism of the reporters, should be sufficient to en- 
courage further vestigations along this line. 


BRAIN 


The most important organic brain affections here to be considered 
are bram tumors and brain hemorrhages, resulting in the hemiplegic 
and diplegic syndromes. The most striking of these are the infantile 
eerebral palsies and the adult hemiplegias. 

A definite decision concerning the utility of electricity in organic 

affections of the brain cannot yet be reached. Although various ob- 
servers have been using all types of currents for years, and some are 
extremely enthusiastic as to what electricity can do in this class of 
affections, the more conservative and careful observers approach the 
matter with considerable reserve Extravagant claims would border 
on charlatanism, but it were equally as false to common sense to say 
that what we now know is of no service, and even to maintain that all 
that may be learned is bound to be futile. 
: But not to deal in futures, it is sufficient to make the rene al con- 
fession of taith that our present standpoint is that electricity may be 
“411 extremely lmyx tant adjunct to our therapeutic resources, rf not the 
entire source of relianee. 

Hemiplegia —In the orranic hemiplegias it should be borne in mind 
that the first motor neuron is involved. We cannot expect by electric 
or other means to obtain the regeneration of the fibers in the affected 
corticospinal path. The injury done here is more or less inevitable and 
unmodifiable. The spinal peripheral motor path, however, 15 unaffected, 
and the changes which take place in the muscles, bones, and blood-ves- 
sels of the paralyzed limb are the result not of any real inherent affection 
in their own proximal neurons, but of the lack of physiologic functioning 
in the corticospinal part of the path. | 

It ts, therefore, evident that persistent regard paid to the unmodified 
peripheral motor tract is absolutely essential, and one finds in the use 
of electric currents a very helpful therapeutic resource. Old hemiplegic 

eases lacking eleetric treatment or treatment by massage become more 
and more helpless, but by means of intelligent muscular gymnastics, 
with the aid of falvanic and faradic currents, a great amount of Im pProve= 
12 





; &: iis tse ow (As 
WEDICAL ELECTRICITY AND RONTOI chal 


about. This improvement, ; ret 
i just how far such treat av be 


Ls = 

i i | 
L b | 
KITDG. & Le of ha 


[oid yee 


i 
ey | 
°° use ol heath 


Ler clits TL cpa inh 


t = 
a . 1. ah a5 
| lng A e EEE FE = 


ia.—Begin passive movements of every articy- 

lation from the very dav of the stroke. This will prevent arthritis. the 
leformed attitudes, pain, and, in a great measure, the muscular eon- 
tures which make the s quele of an apoplectic stroke so much worse 

ld be the case if the condition were simply that of paralysis of 


LAL Wallis m a nl 
cecrtain muscles. Reéducation of voluntary motion is to be berun as 


early as possible. Electricity may be useful in the treatment of atrophy 


cr certain Frou ps of paralyzed museles, but not for roneral application 
to the whole hemiplegic side of the bacdy. 

The electric treatment of hemiplesic eases should be begun only after 
the acute symptoms of the paralysis have fully developed—that is. ip 
trom four to six weeks after the initial lesion. As pain 1s rarely an accom- 
panying symptom of hemiplegia, this does not have to constitute a com. 
plication. The improvement in the hemiplegic cases usually comes on 
more or less rapidly—in some cases almost immediately. The galvanic 
currents are best applied, the direction being that of the course of the 
motor tract, namely, from the spine outward. The anode is placed along 
the spine, and the cathode at the periphery, the anode being moved slowly 
up and down without being raised from the skin. The electrode should 
be of medium size, and the duration of the application should be from 
ten to twenty minutes, and should be made at least three times a week 
preferably daily. 

There are those who maintain that a certain amount of stimulation 
of thé brain itself may be brought about by the use of the more care- 
fully graded currents of Leduc. In the treatment of aphasia a certain 
amount of success has been claimed by certain French investigators. 
The application should be made by the alternating current of low in- 
tensity and slow interruptions, and should not be of more than fire 
minutes’ duration at one time, while care should be taken in ascertain- 
ing the resistance of the brain tissues to the interrupted current. This 
subject will be discussed more fully in a separate paragraph, under the 
caption of Electric Sleep. 

infantile Cerebral Palsy.—The individual lesion which may be 
present in this type of affection varies so widely that we cannot in this 
place attempt to outline the symptomatology of the group. Suffice it 
to say that the chief damage is done to the corticospinal neuron, and 
may manifest itself in monoplegia, hemiplegia, or diplegia. In the 
monoplegie types nature herself does much to minimize the damage 
done, and great improvement in the functional capacity of the affected 
muscles may be looked for from her unaided efforts. Both HSS ee 
and electricity should be utilized carly in the treatment of these para- 
lyzed children, The indications are precisely the same ss those which 
have been already spoken of in the paragraph on Hemiplegia. 

[t is to be borne in mind that the lesions in infantile cerebral palsy, 
when not due to a generalized encephalitis, are of the hemorrhagic type, 
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stimulation of muscular tone, and nutrition by the use 

high-irequcne} CUITents, Induction discharges, and static breezes 

The latter. however, 4re@ more useful in maint amine skin nutrition than 
they are in affecting the muscular tissues beneath. 

New Growths in the Brain. —Here the symptomatology is so varied 
that we must refer the reader to works on neurology. What can be 
expected of electricity in the treatment of new growths? It must be 
eonfessed that it i= not by any Means clear rE hat the electric treatment 
of new growths is of much service, and this is not the place to consider 
what radium emanations or ultraviolet rays may do for certain forms 
ot intracranial erowth. In view of certain recent results obtained in 
the treatment of svringomyelia by the use of z-ray and by ultraviolet 
licht. it cannot, on @ priori grounds, be stated that similar types of tissue 
degeneration in the brain may not be beneficially treated with this form 
of electrically produced energy. 

Manifestly surgical procedures are those best adapted for the treat- 
ment of intracranial growths, but in view of the gloomy outlook, even 
under the best of conditions, research in the matter of the treatment 
of growths by different types of electric energy should not falter. 

Epilepsy.—It seems unnecessary to repeat that epilepsy is not the 
name of one disease—there are several different epilepsies. That the 
motor discharge induces the familiar picture is true, but the causes 
of the motor discharge vary from slight emotional excitement to actual 
anatomic destruction. It seems incredible that electric action could 
affect anatomically altered brain tissue to such a degree that the epilep- 
tic discharge could be modified, and such is the general experience of 
those who have tried electric methods in the treatment of epilepsy. Good 
observers, such as Althaus and Erb, have, however, reported beneficial 
results in certain cases of epilepsy. Erb particularly advises the use of 
the constant current in certain cases, the anode being placed first on the 
side of the forehead, with the cathode at the nape of the neck, and a 
weak constant current being passed for one minute. He later changes 
the electrode, the anode occupying the middle Ime of the head in front, 
the cathode being placed over the occiput, and the same type of cur- 
rent being passed for the same length of time. ; 

X-ray treatments have been reported to have been of benefit in 
some cases, and it is conceivable that such treatment has had an effect 
upon a new growth which had been the primary cause of the irritation 
in the cortex leading to the motor discharge. One cannot, however, pin 
one’s faith to these measures. ‘They should be adopted as expedients 
only, and we are not yet in a position to maintain that they should be 
primarily. | 
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to exposure to cold and muscular or neuromuscular mvolve- 

ment are concerned, electric treatment is par excellence favorable. Here 

the faraciic Current, OF More particularly the static breeze, Or Incduction- 
cot SI marks are of rresat Ssery Ice. : : . ; 

Chorea.—Treatment of chorea by electric energy remains a terra 
incornita in neurolory, Certain cases of chorea are undoubtedly much 
benefited by electricity. especially by the static breeze, or application 
of induction sparks to the spinal cord, or galvanic baths ; but the action 
is probably due entirely to the tonic effects on the body. 

Cases of chorea treated at St. Bartholomew’s Clinic have been quickly 
cured by the application of glass vacuum electrodes from the Oudir 
resonator along the spine and over the upper and lower limbs. 

lf it be assumed that most choreas are, after all, the results of a post- 
infectious toxemia having a special predilection for the motor area. 
causing excessive irritability, or bringing about insufficient inhibition, 
then it 1s comprehensible why general electric stimulation by the statie 
currents 15 as efficacious as it is at times. Furthermore. in the treat- 
ment of exhaustion states following excessive choreic movements elec- 
tricity is of inestimable value and should be added as an adjunet in 
the treatment of this affection by the ordinary tonie measures usually 
carried out. Pharmacopeal the apy, hydrotherapy, and electric therapy 
combined give better results than any one alone. Jones has found 
in the treatment of these cases that the application of the negative 
breeze Li the Spine is 2 convenient and more arreeable method of 
treatment than the ordinary static spark procedure. — 

Occupation Neuroses.—These. as has already been said, are 
properly considered in the lirht of a complex etiolory. They are 
cases of neurasthenia mixed with a bad psychic habit, and experience 
shows that in their treatment they are extremely obstinate. As is 
well known, such forms of occupation neuroses associated with cramp- 
like conditions in the muscles are Common Accompaniments [iG piano 
playing, violin playing, tennis playing, and tailors, shoemakers, and 
writers are often afflicted with it. A vast number of neuroses belong 
to this Eroup. ; 

Electric treatment is of service undoubtedly in the toning up of 
the muscles themselves, but it is more than doubtful whether it ever 
reaches the psychic factor in the disorder. Our own experience has 
bee Very disheartening In the electric treatment of these occupation 
neuroses, cspecially writef’s cramp. 
Galvanic Currents Jor Writer's ¢ Tamp.—A. large negative electrode 
# placed between the shoulder-blades and the forearm rests in a bath 
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Exophthalmic Goiter.- Until the exact pathology of this disorder 

nlaced upon a more rational foundation It were futile to claim for 

that i! may be cured by electric measures of treatment. There are 
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nbers of cases in which electric applications of the induction cur- 


nt applied to the sides of the neck have proved to be of considerable 


service. These are probably those cases In which the ci iter is largely 
due to disturbances in the funetions of the cervical sympathetic nerves, 
anc the electnic treatment Serves to resvore In Part at least a function 
which has been great ly altered by the toxemia of the overacting thyroids 
or parathyroids. Applications to the elands themselves have been made 
witha view to diminishing the amount of gland Warsubstance secreted and 
thrown into t he circulation. Whether electrolysis can bring this about, 
as has been claimed by a number of observers, is highly doubtful. At 
any Face. the quesi ion must remain an open one until more 18 known of 
this disorder. When it is recalled that Dubois, of Berne, reports the cure 
of a number of cases by the use of psychotherapeutie principles, it 1s 
necessary to realize the psychic element in producing the anxiety, 
tachyeardia, and irritation phenomena in the disor¢ler. 

The electrodes may be placed at the sides of the neck behind the 
angles of the jaw with the negative electrode upon the side of the most 
marked exophthalmos; or the nerative electrode may be placed at 
the nucha and the anode first over one carotid region and then over 
the other. 

Another successful way to use the galvanic current in this condition 
is to apply an electrode to each side of the gland. The electrodes should 
be thoroughly wet in a solution of bicarbonate of soda and the current 
should be applied for fifteen minutes at a time, using from 10 to Io milli- 
amperes. The treatment can be applied twice a week. The direct appli- 
cation of a spark [rom 2 static machine haz also been of great Service, 
but, of course, it is rather a disagreeable method of treatment. When 
this is used the patient is placed on the insulated platform in the usyal 
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Fig. $20.—Spark director. 


manner and connected with the positive pole of the static machine. 
The negative side af the machine is grounded; the patient holds what 
“i known as a spark director (Fig. 520) in contact with the gland; the 
brass ball electrode, which is held in the hand of the operator, 1s brought 
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the accompaniment of a vast number of or fan nec afiections, nat only 
“ntral nervous system but al=o the entire beotly. 
characteristic feature in true hysteria 1s a ce tain foundation in 
character which permits of the rencly dissociation ot the Persons ality 
and it 1s, therefore, characte rized by great emotional instability and a 
ehildis sh deve opment, stamp ing the individ Li al at once a5 a bemg more 
primiti ve than the ducation and environment would see mi ti show: in 
other words, the true hysteric character is a primitive character. and 
it is well recognized that true hysteria 1s much more prev alent among 
primitive peoples, such, for instance, as the natives of Java. of w Bri 
Kraepe ‘lin has made a thorough study, the American negro, and other 
types. The hysteric character 1 is Never altered by electricity. Many 
manifestations of the dissociation In consciousness, such as the pains, 
paralysis, anesthesias, etc., are very frequently relieved by the use of 
electric currents, particularly those of a painful or shock-like nature. 
Those forms of energy are useful which make sudden unexpected de- 
mands open the attention of the individual, and which for the time, to 
use Janet's phrase, are capable of rousing the nervous tension to such 
a point th: it the dissociated element in consciousness 1S brought hack 
into the hierarchy of the conscious personality. With the cessation of 
the treatment, however, disaggregation takes place in another asso- 
clation, other symptoms arise, and the fundamental features of the 
personality remain untouched. In fact. the wonder-working, as it 
were, of the electric display only contributes to the receptivity of the 
individual to certain classes of impressions, which tend to perpetuate 
the primitive nature of the individual instead of affording any means 
of education. If the electric tre atment is used only as a means to an 
end, an attempt, as it were, to first gain the attention of a very loosely 
aggregated personality, which is then wore upon by proper psycho- 
the ‘Tapeutic measures, then its use may be advisable, but as pure clec- 
tricity it works to the disadvantage of the individual. The galvanic 
or faradie treatment of hysterically paralyzed limbs is, we believe, 
very harmful to the individual. The element of suggestion that the 
limb is paralyzed by the incessant working over it by electricity tends 
to perpetuate the paralysis and m; iy make it permanent. 

(mn the other hand, so far as the treatment of hysteric symptoms, 
which are the reflex of disorders of an entirely different nature is con- 
eemed, electricity is often of a great deal of value, and when it is of 
service the attention of the physician should immediately be awakened 
to the possibility of an unde rlving organic cause for the hysterie mani- 
festations. Thus, the common association of hysteric symptoms with 
such disorders as tumors of the spine, tumors of the brain, abcesses of 
different portions of the body, tumors of the kidneys, tuberculosis, float- 
ing kidney, stone in the bladder, ete., etc., all of which conditions are 
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Mental Disorders.—I' is entirely too early to generalize upon 
LA th 


value of electric forms of stimulation m mental diseases, If it be 
“«« at all. it is of some assistance in the treatment of depressed 


usually the depre = a2 ie | 


phases of maniacal depressive insanity. 

, perhaps, in the mild or severe depressions associated with senile or 
| 1i psychoses in which the element of arteriosclerosis w the 
prunary pathologic factor. It has already eet pointed out that cer- 
tain forms of electric Pnerey have shown themselves to be of service 
in the treatment of some cerebral tumors, and mental changes due to 
cerebral tumors are concoml antly helped thereby. 

It is beyond question, however, that electric forms of energy have 
no radical effect on any definite psychotic conditions, but as an adjunct 
in the reneral treatment of some of the pey choses electricity 2 wunde- 
niably of a great deal of benefit. And in the large groups of cases of 
the psychoneuroses, particularly in the neurasthemie group in which 
the mental state closely approaches insanity, electric stimulation, 
particularly by various adaptations of the static current, is of general 
tonic value. 

The exact limitations of electric stimulation of metabolism and 
the effects that such change in metabolic activity may have upon the 
development of psychoses are matters which are as vet in the realm of 
pure hypothesis. It is highly desirable that careful consecutive studies 
be made on definite forms of psychoses, so far as we believe that such 
definite forms do exist, In order that clearer notions of the value of this 
form of energy may be obtamed. 


NEURASTHENTA 


_ The beneficial effects of electricity m this disease are of two different 
physical kinds besides that due to mental impression. Practically 
all forms of clectricity which are suitable for use in this disease improve 
the general nutrition and digest ion, The urine contams more urea 
and less urie acid and albumin and sugar if the latter are present. In 
cases of malnutrition with phosphaturia and azoturia electricity increases 
bodily weight and causes the urine to become normal. The effect, 20 
far described, is one of regulation of cellular activity and of a beneficial 
effect upon the central nervous system. : 

The second kind of effect from electricity 1s upon the circulation, 
and this may be in the direction of causing an elevation or a reduction 
in blood-pressure according to the form of electricity which 1s employed. 
Generally speaking, extremely high-tension applications, like the static 
spark or breeze and the spark or effluve from the Oudin resonator (the 
latter giving a high-frequency high-tension current), merease the blood- 
pressure, and while called for m cases with hypotension, are contra- 
indicated in neurasthenia with high arterial tension or with arleno- 
sclerosis, Comparatively low-tension high-frequency currents, like 
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nowerful tyvoe. but it must work well and give a good discharge between 
ils 3 inches or more apart 
Insulation or Static Bath.—The patient sits on an insulated 
form with his feet resting upon a metal plate connected with the 
negative prime conductor, while the positive prime conductor 1s grounded. 
Treatments last for five minutes at first, but are increased to fifteen 
minutes, and are given every day. This is an excellent tonic to all the 
tissues in the badly. 

Static Breeze.—The patient is insulated as before with the negative 
pole, while an electrode from the positive terminal with one or several 
points is brought near some part of the surface of the body. The effect 
Is a sedative one upon the central nervous system. For instance, the 
sensation as of an iron band around the head ts relieved by a few minutes, 
application of the static breeze to the nape of the neck. A favorite 
application In neurasthenia is a static hreeze from a crown suspended 
over the head and connected with the positive pole while the patient 
is necatively insulated. A reverses! of: this polarity causes a much 
greater prickling sensation in the scalp and makes it disagreeable. 

The positive pole ts readily distinguished by the fact that the dis- 
charge from it to the negative pole when they are an inch apart may be 
diverted by a piece of wood, such as a match. Moving a piece of wood 
over the surface of the Positive role, one 1s enabled to make the dis- 
charge start from wherever, within certain limits. the wood touches or 
even approaches the positive pole. The positive discharge jollows ron . 

Another Way 1s by the fact that Pr | hrush discharce of Fi | violet light 
several inches long may be obtained from “4 pointed electrode connected 
with the positive pole of the static machine. while no discharge is per- 
ceptible from a point connected with the negative pole until it is close 
enough to send a spark to the surface. 

Insomnia from neurasthenia often yields to a static bath with a head 
breeze, and so do all kinds of nervous apprehension and even delusions: 
but excessive or too prolonged stimulation of muscular contraction by 
the static wave currents will cause insomnia. 

slilie Sparks.—The patient 1s In negative insulation, and a metal 
ball electrode connected with the positive pole is brought near enough 
to send a spark to the surface of the body. This may be applied through 
the clothes, and the ball electrode should be approached with a sort of 
quick, striking motion, permitting only one spark to pass before the 
elect rode is again beyond sparking distance. A stream of sparks at 
one place is painful and exceedingly disagreeable. 

For a general tonic effect and to raise the arterial tension a series 
of sparks along the spine are excellent. 

_ they cause localized contraction of muscular fibers and are indicated 
i pronounced muscular atony, either general or local. 

Static sparks applied in the left iliac region have a most beneficial 
effect upon the constipation which is often a symptom of neurasthenia, 
and they also restore the appetite and relieve the general sense of 
depression. 
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rs For all the purposes for which static sparks 
ctl may he ohitaines by pe iclinig the Positive pele rt 
(connecting it with the water or gras or steam pipe a). 
‘Spal ks [rom an eleetri whi whee 1a alan rrouncs cl. This 

application much easier for the operator, since the electrode 
h ire l need not be insulated. 

Friction or Massage.—The paticnt is in negative insulation. 
e 1s connected with a roller electrode, which is rubbed 
over the surface of the body outside the clothes, or ) 
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the same applics- 
eation may be made indirectly, grounding the positive pole and the 
roller electrode. The cffect is that of a continuous shower of sparks, 
the length of which ts determined by the thickness of the clothing. The 
application IS a severe one ancl makes the strongest man twist and 
squirm. The electrode should be moved over the surface quickly and 
should not be applied for more than a few seconds at a time. Pron! 
has most admirably epitomized the indications for static, faradic, and 
galvanic applications m this disease. He considers static massage as 
useful in cases with anwsthesia en plaques and with spinal cord im- 
tation, causing seminal emissions and cramps and exaggerated reflexes. 
The applications are made to the upper part of the body. 

The Static-induced Current.—The pelvic neuralgia of neurasthenia 
in women 1s almost always relieved by vaginal applications of the static- 
induced current. Albert-Weill’s method of application is by a vaginal 
electrode connected with his rheostat for controlling the strength of the 
static-induced current. The operator holds the insulated handle of 
this electrode with one hand while he massages the abdomen with the 
other. : : 

The application should be as strong as can be borne without discom- 
fort. : fir 

The symptoms especially calling for treatment by static electricity 
are insomnia and myasthenia. 

Faradic Applications.—These are not made with a view to causing 
muscular contractions, and the current must, therefore, be a weak One 
and preferably one with the most rapid possible interruptions. | The 
latter are easily secured if the faradic coil is made with a nbbon inter- 
rupter. A strip of steel tape is the vibrator which interrupts the Pe 
mary current. It is permanently fastened at one end and may be 
tightened by turning a screw at the other end. The tenser the steel 
nbbon the more rapid are the vibrations produced by the ae LLOEL sis 
electromagnet which 1s placed opposite the middle of the nmbbon- te : 
more rapid the succession of duced currents, the less is the effec 
In causing muscular contraction and the Breater 15 the tonic elect upon 
the sensory nervous svstemi. The faraclic cou should have an adj estan 
number of turns in the secondary coil and the greatest number shout 
be selected. ah] 

Almost every type of faradic coil gives currents which nave See 
erable polarity, but this is so very slight that cither electrode ma! 

ve used indifferently. : : 7 

General faradization is useful in cases of neurasthenia. The tp ms 
sits upon or lets his feet rest upon a large sheet of metal cox res Me “l 

wet flannel as the indifferent electrode. The other clect rode IS puiSsed 
i Traitement de la neurasthenie, Revue de Therapie, July [5, enn 
Manuel d'Electrotherapie et d'Electrodiagnostic, Paris, 1000. 
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Local Faradization.—Erb's treatment for cerebral or spinal neuras- 
| t 


nia is by local 2 ipplications alone of faradization for only two to five 


nin | 


adder symptoms of a paralytic type In men may be treated by 
il dization with the indiffere The electrode on the abdom wen or buttock 
the active electrode applied to the pernneum and scrotum suc ces- 
sively. Rapid interruptions and a fine secondary coil are used. 

The pelvic neuralgia or neurasthenia In women 1s best treated by 
static electricit y applied intravaginally, as has been described on page 
505, or by vaginal faradization. For the latter, sponge electrodes are 
held in the vagina and over the abdomen. Very rapid interruptions 
and the maximal strength of current are used for ten minutes each 

ay. 

Galvanic Applications.—reneral galvanizaton is apphed from 

a large 1 indifferent ne ative electrode ap plied! to the feet and an active 
positive electrode rubbed over different parts of the surface. Two to 
four milliamperes is the proper strength of current. Such an applica- 
tion 1S not very often employs acl. 

Central galvanization may be used when the patient is well nourished, 
and his muscular strength has not been affected by the disease. A 
large negative electrode 1 placed over the epigastrium, and a small 
active positive electrode 15 appled successively to the forehead and 
vertex for one or two minutes, and then to the sides of the neck and 
down the spine for two to five minutes. A current of § to 10 ma. ts used, 
but it must be gradually turned on for each position of the active elec- 
trode, and gradually turned off before the electrode is removed from 
each place. The strength of current may be a little greater at a distance 
from the head. 

Local Galranization.—The uniform and uninterrupted galvanic or 
constant current is used for two or three local conditions. 

Impotene py fre Mn neurasthenia in men may be treated by & Current 

| 10 to 20 mil lhampe res, flowing for fifteen minutes between a large 
indifferent pos itive el lectrode at the genital center in the spine, and an 
active negative clectrode passed over the perineum, scrotum, spermatic 
cord, and the root of the penis. Albert-Weil sometimes terminated 
each treatment by rhythmic galvanization. Treatments are given daily. 
Impotence is a condition i in which the discovery and removal of the 
cause of the trouble is extremely important. Such a condition as 
hemorrhoids or rectal uleer may interfere with" the success of any treat- 
ment directed toward the genital organs alone, and then again every 
one realizes the profound influence of the mind over this condition. 

Constipation.—This is almost always a condition of spasmodic con- 
traction in neurasthenia and is relieved by the constant current of 
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r The current must be turned on very gradually until 
ed. This is continued for a quarter of an hour. There 

“san immediate sense of relief, clearness of thought, and ability to work. 
wrong polarity—i. e., with the positive pole upon the forehead— 
wees a disagreeable sensation of heaviness, slowness of thought, 

{i SOMMOLeTICEC. 

Pneumogasinic galranizahon may be emploved for the relief of 
cardiac palpitation and erethism. The positive electrode is placed m 
the mastoid fossa and the negative over the Upper border of the clavicle 
an inch and a half from the sternum; a current of from 5 to 10 millam- 
cress is turned on eradually and allowed to flow for five or ten minutes. 
It is turned off just as gradually. 

Very Heavy Galvanic Currents for Constipation in Neurasthen ia.—This 
method, used by Hartenberg,' has not yet been renerally tried. The 
patient is seated upon one elect rode, and another as large as possible 
iz applied over the abdomen. The current is of 40 volts and 44) ma. 
and is applied every thirty seconds for an instant, first m one direction 
and then in the other. Vigorous contractions of the abdominal and 
intestinal walls take place. There is no irritation of the skin. Forty 
such double shocks (closure and opening) are applied at first every day- 

Galranic Currents for Headache in Nervous Dyspepsia.—A_ current 
of 8 to 10 ma. is applied with one electrode at the nucha and the other 
on the forehead. 

High-frequency currents have become a most important factor 
in the treatment of neurasthenia. The general indications 4s to tension 
have already been alluded to. The d'Arsonval, or low-tension high- 
frequeney currents, are suited to cases with high arterial tension, and 
the Qudin and other high-tension high-frequency currents are suited 
to cases with low arterial tension. | 

Special Indications for High-frequency Currents in. Neurasthema.— 
General electrization by high-tension high-frequency currents is more 
frequently indicated than any other method except In Cases with high 
arterial tension. A bipolar Oudin resonator or a pair ot Guilleminot 
spirals are used and a metal plate connected with one pole 1s appre 
directly to the nape of the neck, while the other pole is connectec with 
an effuve electrode held near the surface of the epigastnum, or this 
electrode may be a vacuum bulb rubbed over the surface of the abdomen. 
In either case the benefit is due to two factors—frst, the surgings of 
high-frequency and high-tension currents through the patient; secone, 
the ultraviolet rays produced by the effluve from the brush electrode, 
or by the shower of tiny sparks from the vacuum electrode. This liber- 
ates ozone from the atmosphere, which 1s carried into the system through 
the skin to produce a tonic effect. This application should last 4 quarter 
of an hour, and Albert-Weil finishes the séance by placing the fixed 
metal plate electrode over the epigastrium and passing the brush elec- 

i Presse med., March 7, 1900. 
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i the spine for ten minutes. In hngh-frequency treat- 
i le: anmiied directly to the surface of the body rena y 
different electrode The brush électrocde by which 
1 electrode with its shower of 
irect application of ultraviolet 
1 | the active electrode. The 
<pecial tonie treatment in most cases of ncuras- 

thenia are the solar plexus and the spinal cord, 

Low arterial tension is progressively improved by bipolar applications 


of high-tension high-frequency currents applicd through a metal elec- 
trode at the epigastrium, and a succession of sparks of considerable size 
applied along the spine. A metallic electrode may be used for the 
latter purpose, but a glass vacuum cleetrode is much more convenient. 
A creater streneth of current and a less close application of the vacuum 
electrode as it is passed over the surface makes the difference between 
sparks of conziderable size and tiny or imperceptible ones. Moutier 
secures the same increase in arterial tension by sparks from a monopolar 
resonator, and the present author usually employs this method, which 
he ¢reat convenience that it can he apphed through the clothing. 
Albert-Weil thinks that the bipolar application is a little more effective. 

Dyspepsia.—The pain is often relieved and the action of the stomach 
and intestines regulated by a bipolar high-tension high-frequency 
current from a metal clectrode in contact with the back and an efluve 
or a vacuum electrode applied over the stomach. 

fmpotence.—One high-frequency application suited to this symptom 
in male neurasthenics is from a bipolar resonator, with an effluve over 
the epigastrium and a spark electrode applied over the genital center in 
the spinal cord. : 

The author has had successful results with a monopolar application 


from the Oudin resonator and a glass vacuum electrode to the penis, 
scrotum, and groins. <A strong application is employed, regulated so 
as to produce a current which makes the rlass quite hot, but with very 
little spark effect, powder being used to enable the electrode to slip 
smoot nly over the surface without breaking the contact or producing 
perceptible sparks. No effect may be noted at the first treatment, but 
during the subsequent treatments the erections become extremely 
vigorous. Funetional power is restored, but whether there is a relapse 
depends upon the patient’s reneral condition. 

_ A further consideration of the use of high-frequency currents in this 
disease is found on page 567. 
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ELECTRIC SLEEP AND ELECTRIC DEATH 


a Electric Sleep.—This is a name viven to a form of anesthesia which 
stéephance Ledue has been able to bring about in animals and in man 
as a result of the application of a t ype of electric current which he himeelf 
has devised. The current has already been spoken of in the paragraph 
on local anesthesia and the treatment of ncuralgias. [t is an intermittent 
current of low tension and of infrequent interruption, which passes 
through the entire body of the animal. The interruptions in the 
current, a2 has already been stated, run from 90 to 110 per second, and 
the electromotive force rarcly exceeds 30 volts. The strength of cur- 
rentis4ima. The apparatus is described on page 475. 
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awn words, for he made himself the subject of an experimen and his 
qgesistants placed him under general electric anesthesia. 
The resi i 


ults of his experiments were communicated to the French 
Societé de Biologie, November 22, 1902, and in the Archives d’Flectricité 
médicale, July 15, 1903, he gives us a description of his own sensations 
when passing into the electric anesthest: 


cl del 


Qne large electrode formed of absorbent cotton impregnated with 
1: 100 solution of chlorid of sodium, with a metallic plate behind, 1s 
nlaced Onl the forchead ancl fastened Lo the heaci. This tronta! elect rode 
< the cathode. A larger electrode made in the same manner 18 placed 
over the back and fastened there by means of an elastic band. The 


Leduc current is then turned on, being interrupted for the first tenth 
of the period of application one hundred times to the second. The 
censation produced by the stimulation of the superficial nerves, although 
slichtly disagreeable, can be easily endured. ; 
‘After a short time the patient feels a calm similar to the sensation 
produced by a continuous current, and this, after having passed Its 
maximum, slowly diminishes, notwithstanding a gradual increase 
in the electromotive force of the current. ! 
The face becomes red, slight contractions of the muscles of the face, 
neck. and even of the forearm occur, and fibrillary tremors of the 
extremities take place, then one feels a tingling of the extremities ot 
the fincers and in the hands, which gradually extends to the toes and 
i feet, os 
tg At first an inhibition in the centers of language takes place, the are 
‘s unable to express his thougnts, although he has active sooner 
going on all the time. ‘Then the motor centers are completely inhibit -— 
the subject cannot react even to the mast paimful stimulations, he ” 
unable to communicate with the experimenters although falls | ee * 
The extremities, without being in a complete state of ree tate =a 
did not show any particular mvolvements; certam ee ace bit 
nee corresponding to any paimful IM pressions, aes Se pushes 
seem to be caused perhaps by an excitation if the renee sa 2 aracaa A the 
In his eX Pericnce the arene Peer e abe uber Ute , 
respiration perhaps a litthe: diminisoec. eee eee 
C ee a waz at its height, he describes his feeling oS 
he were in a dream, and although hearing enue tna aoa 
half appreciated what was going on. He had’ a Itt Is # his colleagues. 
of papper tesa gee an ST, Ringe tine he forearm could be 
The contacts ninching nd PCA, ee aa 
felt, but the edad tat much diminished, as in a very large swollen 
Dein bee . 1 = 4 ur 4 : 
roves Sa painful impression WAS lo notice the paar ea kre 
successive disappearance of the faculties; the Impre ore Gioleisdae 
with that which one feels in a nightmare in w hich, mm the eh coh ee 
great danger, one feels that one & neither able to cry our: | | 


any movement. : See 
oe his first experiment consciousness was not entirely abolished, 
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ervers, the electric sleep mav be prolonged for 
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considerable pernods of time—tor three or four hours at least—and 
| 


operations may be performed upon them. 

Certain pomts have been brought out with reference to this electric 
sleep which, although as yet not definite, ray be outlined at this time. 
In order to produce the electric sleep according to the cCXperiences 
which have thus far been reported, it would appear that the ordinary 
street current is not as valuable—or as safe, it would perhaps be better 
to say—as a current which ts delivered more equably, as from a storage 
battery. The street current which charges a storage-battery and is 
utilized from there would be the ideal current. The arrangement sug- 
gestedl| by a number of experimenters would be to utilize the storage 
current for the electricity which is to traverse the body, and the street 
current to run the motor of the interrupter. 
| Gradual application of the current is to be preferred to an abrupt 
dosage. 

The negative pole, the cathode, should always be applied to the 
head, for experience has shown that if the anode be applied to the 
head crave disturbances in respiration take place and the temperature 
is apt tO go up. 

Certain conditions are observed to be more or less constantly present. 
Thus the pupils are usually contracted during the state of electric sleep. 
The temperature is usually about normal or slightly above. The res- 
piratory rhythm is slightly hastened. There is usually an increase in the 
arterial pressure which seems to depend upon vasomotor causes. Certain 
of the reflexes seem to be exaggerated, while others are diminished. 
eg cabin e leading to an electric epileptic state or to electrocu- 
fall and the res ray hes ee the blood-pressure suliers a very marked 

Whetl : 1 ah ory Inhibition 1s decided. . 
eution of the ene current can be used to advantage in electro- 
certain facts which aie ey 51s wee ae ree va decide, but there are 

As to ‘te appli hilt re nts ¢ esirabl ty ae this direction. pe 
along oni gag lo Jnan for anesthetic purposes, the future 
facts brought See Mi paces ; At the present time of writing the 
extreme theoretic im ere ie ion of this new type of current are of 
nies ere a ae iE Aecmrcet S | ut It has not been tried in & sufficient 

es EO JUSEY any general statements concerning its applic- 
ability for general narcotic Purposes. 
et ee Be, Curent es br tn 

‘upted 220 sill igo pea 49 10 of VOIL Curren or = to LO ma. inter- 
rupte es a second. Phe anode is placed on the skin over the 
* Berlin. klin. Woeh., 1908, No, 45, 
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pathognomonic lesions for the most part—have been absent 
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‘ndustnal electric currents that are of service im the present 


presentia- 

were those of Grange, Gariel, and Brouardel, made in ISS4 and 

. of Brown-Séquard and d’Arsonval in 1SS6 and ISS87. It should 
he hore in mind, however, that Priestly, as early as 1766, killed ani- 
mals by static electricity, and that at that time numerous experi- 
menters followed him, notably Fontana, the Italian physicist. The 
expermment ol Nothnael in iss) are als worthy ol COT in this 
relationship. 


1)'Arsonval’s results will be referred to under the paragraph on 

Causes of Deat h, since he was interested in the physiologic sile of the 
roblem only. From the pathologic point of view the investigations 
of Peterson and Doremus, conducted in the Edison laborities in 1888, 
are of interest. 

Animal experiments made by Kratter? within recent years on mice, 
cuinea-pigs, rabbits, cats, and dogs show certain signs regarded by him 
as more or less pathornomonic of the condition. Sub ericardial and 
subpleural ecchymoses ani, more particularly, subendocardial eccny- 
motic extravasations occurred in most of his cases, combined with 
bloody emphysema of the larger bronchial ramifications. These Signs, 
when taken in conjunction with the external burns, are believed by him 
to be sufficient to make the diaenosis “death by electricity.” Rigor 
mortis occurred very rapidly and persisted for a distinet period of time. 
Macroscopic changes in the brain and spinal cord were not prevalent, 
though in some there were subdural and intermeningeal hemorrhagic 
extravasations. These are of interest by way of compare” with 
similar findings by Peterson, and in cases of electrocution as reported 
by Van Gieson. Changes in the morphology of the blood have Been 
emphasized by earlier observers, but the careful work of mratter and 
other recent writers would seem to prove quite conclusively that ee 
do not occur save at the sites of electrode contact Cunningham 
has shown that if the thorax be opened immediately following cee 
due to strong continuous currents, the heart on close examimatior het 
he found to show a minute quivering throughout its entire: muscular 
substance. While the coérdinate beats of the ventricles, a5 Sah a 
absent, the numerous isolated bundles of muscle-fbers wil . os 
siernataly to contract and relax with vigor 1 different parts of sie 
eee triclas aa dian thik righe Saul Teel auricles become gradually Sie 
this irregular quivering of the musele bundles grows feebler eT his state 
until every trace of muscular contraction has disappeared. 1: ae 
of delirium cordis or, a8 Cunningham prefers to calliG AONE ae 


1D’Areonval, La morte par Vélectricité dans lindustrie, Comptes rendu, 
April 4, 1887, vol. civ., p. 055. = a ee 

?Kratter, Der Tod durch Elektricitat, Vienna, 1506, Sire ef fey. 

INew York Medical Journal, Oct. of, 1899, pp- 551, b 
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‘death was first pointed out by Cunningham, 
t amd Battells." 
carefully ara re bend fic nathologie 
ithin recent tumes that distinct changes 
aecms not improbable that changes of importance 
the newer technical methods of investigation, but thus 
few workers have employed the Nissl methods, or modifications 


f 

he 
in 

| 
| 


er’s obzcrvations were made by the older methods, 


t a E a i 
ll changes. He confirms the observations 


PSO, «] tzks, Van Gieson. and others that mimute capil- 

hemorrhages mm the peri vase ular spaces are present, especially mM 

he superficial lavers of the cortex, but these he distinctly shows are 

rave universal. ancl CANNOT he regarded ris ct sulhicient Moment oF which 

to base a pathologic diagnosis of death. He concludes. however. 

iat he believes that minute chances, not known to our present technical 

ethos, are responsible for death by electric currents. More recently 

Corrado” has shown that such minute changes may be demonstrated 
by means of the more modern histochemic methods. 

Corrado ‘s conclusions may be summarized as follows: 

The continuous electric current derived directly from the commu- 
itor and applied to robust adult dogs weighing from 2.5 to 20 kilos 
(9 to 50 pounds), one electrode being placed on the head and the other 
on the lower portion of the spinal cord, with a voltage of from 720 to 
21/9 volts, and an amperage of 20 to 30, or in two dogs, 10 to 12 amperes, 
produced death in every instance. Death oceurred Immediately and 
was not influenced by artificial respiration. On the closure of the cir- 
cult the animal, without emitting a ery, became rigid. and all the mus 
cles, especially those of the back, contracted violently, producing a 
pronounced opisthotonos. This rigidity persisted for from one-half 
to one minute after the cessation of the flow of the current. Respira- 
tion Was arrested from the first moment of the passage of the current. 

An examination of the ganglion cells of the brain and spinal cord 
by the newer methods of Nissl and also by the method of Golgi showed 
& number of interesting lesions, the importance and interpretation of 
which are only just beginning to be appreciated. 

Corrado deseribes changes as occurring in the external shape and 
configuration of the cell-body, changes of the cytoplasm and of the 
Processes, 

\. Changes in the Cell Contour.—(1) Noteworthy and various 
deformities, crosions, jagged outlines, lacerations, and even severe 
destruction of the cell outline. (2) The contour of the cell became 
hazy and diffuse. (3) In some eases the protoplasm became granular 
On One side. 

B. Internal Cell Changes.—(1) A grade of dissolution of the chro- 
Inatic substances with powdery granulations was observed. The cell 
contents were more homogeneous and showed the beginning changes 
of chromatolysis. (2) Frequent and pronounced vacuolation (perhaps 
artefact). (3) The chromatic substances had a slight tendency to 
beeome dispersed in the remainder of the cell-body, at times in distinct 
collections, which in certain parts of the cerebral cortex had a special 

* Comptes rendus de l'Academie des sciences, March 13, 27, 1899. 

7G. Corrado, De aleune alterazione delle cellule nervose nella morte per ¢cllet- 
tricita. Atti.d. R. Assad. med. Chir. di Napoli, 1808, vol. xxv. 
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arrangement. These collections of chromatic particles were not dis 
nosed in the direction of the passage of the electric current. (4) The 
; quite resistant. tt may, however, be modified in sha 
diminished in size, or may entirely disappear. 
:mav be irregular oreven angular. The chromatic 


in shape, 
F EL : 
lhe contour 


een substance 
leus may be irregularly disposed, granular, arranged in fine 


ents at the | eriphery, or it may entirely disappear, leaving 
‘Jeus colorless. Lhe POSITION of the nucleus nay Vary. A cer- 
endency Is manifest for it to be located on one side, especially to 
on which the accumulation of chromatic substances occurs. 
nuclear membrane may be broken. (5) The nucleolus is the 
nost resistant part of the cell. It is for the most part preserved and 
“ply stained, even when the remainder of the cell is profoundly altered. 
times it may be diminished in size, It has a tendency to an eccep- 
ric position, being pushed out to the periph- > 
ery of the nucleus or even to the penphery 
of the cell. 
Corrado also describes a series of changes 
in specimens treated by the Golgi methods. 
These changes of the dendrites consist 
for the most part of varicose atrophy, frag- 
mentation. and other modifications of shape 
and position. Since the Golgi method aad 
its now known modifications show precisely 
such changes in normal material, it is fairly 
well established, by reason of this and also 
on account of the great lack of uniformity in 
the Golgi pictures, that it Is unwise to de- 
scribe these as degenerative lesions pathog- 
nomonic of any diseased condition. Hence, 
these observations of Corrado by means of the 
Golgi method are not considered final. 
In man the pathologic features have 
been closely followed, though not as yet by 
the newer methods. Electrocution has given 
the most accurately observed cases, and the 
Investigations of Spitzka, Van Gieson, and erp ener ea 
Ikratter are the most elaborate. In the case 4%. “44 aistcibution of 
of William Kemmler, the first officially elec- the petechialspota on the floor 
trocuted enmuinal under the modified stat- of the fo aves 
utes ol the State of New York, the following  Gieson) 
autopsy record is taken from the notes 
of Dr. George F. Shrady: “Capillary hemorrhages were noted on 
the floor of the fourth ventricle, the third ventricle, and the anterior 
part of the lateral ventricles. The circumvascular spaces appeared 
to ke distended with ae TUT armel blood. The brain Corlex beneath the 
area of contact was notably hardened. The vessels af the corpora 
striata were notably enlaraed at differents parts of their ramifications. 
The pons was slightly softened. The spinal coral showed no prose 
lesions." The abstracted report of the microscopic findings of Dr. 
Spitzka is as follows: The brain, spinal cord, and perpheral nerves 
appeared structurally healthy in every place examined except in the 
anemic and hardened areas. The hemorrhagic spots showed no vessel 
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Fig. $22.—Showing the character and distribution of the petechial apot#t on the floor of 
: 5 . : a a Pa EF a 7 a oo ne n 
Che forth ventricle in the case of Sthichiok Jugign (Wan Criesurt } 


be fained as to the amount of celiular change. The details of the vis- 
ceral examination do not need repeating, since nothing abnormal has 
43 yet been found in any of the viscera related in any way to the method 
of producing death. Of the eases examined by Van Gieson. that of 
Schichiok Jugigo may be taken as a type. “The pia was uniformly 
thin and moderately conrested. The blood was fluid through ait. "Phe 
Vessels at the base of the brain were normal. The floor of the fourth 
ventricle at its upper half contained some dilated vessels, and on. the 
left. side there were a number of minute radiating petechial spots from 
1 to ? Mim. in ciameter,. These small petechial extravasat aaa shauna 
small masses of extravasated red blood-cells. sit uated for the most part 
in the perivascular spaces just beneath the ependyma.” The hemor- 
rhage ap) eared as if h small Veasel hac Piven way, but whether sich 
ee Ptlre was due to the current, to the muscular contortions. or to the 
ellects of manipulation are not determined by the observer. In his 
cummary of autopsy findings, after reviewing the result of a number 
of autopsies, Dr. Van Gieson notes the following: “(1) The passage 
of an electric current of the pressure employed in these cases (of approxt- 
mately from L400 to 1/00 volts) Ane ith this manner does het dio AW 
damage to any of the internal organs, tissues, or muscles, None of 
these parts are lacerated or changed in volume; neither are there any 
Bross chemic OF morphologic changes or alteration ARVs Geis abana 
tural features. (2) The local thermic effects of the electrodes are 
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PHYSIOLOGIC CAUSES OF DEATH BY ELECTRICITY 
he time when the gods were displeased with the children of 
present, speculation has been nife wpon t 


. he Cyl stion i TO 
of death by elect 


| tricity. The earlier observations have been 
Lrazo,' and we are indebted to him for a large number of 
Amone the earlier observers John Hunter taught 
was duc to the “instantaneous destruction of the vital 
Brodie believed that the action was on the head. Edwards 
disorganization of the nervous system. Robins claims 
leath was due to asphyxia. Schneider, m 1833, taucht that the 
urrent did not traverse the body but spent itself on the surface, 
hus causing the extensive burns, and death was due to the shock of 
the nervous system. Stricker’s observations were among the first 
series of studies of the more modern peried. Reports of autopsies are 
more frequent from this time, and experimental work has been greatly 
amplified. It is worthy of mention in passing that Priestly, in 1766, 
and Fontana, in 1775, made a number of elaborate experiments. 
The modern epoch of expermmental work may be saul to have been 
inaugurated by Nothnagel, of Germany, in 1880, by Brouardel, Grange, 
and Gariel, in S84, in France, closely followed by Brown-Séquard and 
d’Arsonval in 1887, by Kratter in Germany, and by Biggs, Donlin, 
Houston, Jackson, Knapp, Peterson, Robert, and Terry m Amenca, 
with the later studies of Tatum, Jones, Bleile, Oliver and Bolam, and 
Cunningham. From the pathologie point of view the work of Nissi, 
Hodge, Levi, Luzaro, Mann and Corrado? is to be borne in mind. 
From the forecomg it ray he seen that the entire possible theoret le 
rround was covered by the earlier observers, but their invest ations 
lacked the precise experimental evidences demanded at the present time. 
The investigations of Nollet. Grange, d’Arsonval, Grasset, Dubots, 
Leduc, and others mark the earlier steps in the progress of the elucidation 
of our knowledge concerning the phenomena of death by electricity, 
while the investigators just mentioned have brought the question to 
the present time with some definite conclusions. d’Arsonval’s and 
Grown-Sdquard's earlier hypotheses were received more widely than 
those of the other writers, and have been extensively quoted, but within 
recent times many of their conclusions have been questioned. d’Arson- 
val taught that death was produced in either of two ways or, perhaps, 
by the concurrent action of both: (1) By direct action, during which 
the disruptive action of the current produced mechanic alterations in 
‘F. Arago, Sammtliche Werke, Uber das Gewitter, Deutsch von W. G. Hankel, 
Hd. Iv, Leipsig, 1854 . 
* For bibliography of this recent work, see Barbacei, Centralblatt fir allgemein 
Pathologie, 17, 18, 18900; Jelliffe, Archives of Neurology and Psycho-Pathology, 
vol. it; Ewing, ibid; Turner, Brain, 1899. 
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ologic activities. (2) By indirect 
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lex action, where by the 


- physiologic functions, wh ich midluced death 
er amplified this indirect action in the nerve- 
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ecnters ad Are nval acnin brought up the question, hret promulgated 
by Grange, that the ele etric current cot uld bring about effec t= simulat Ling 
death. but the subject could be revived by artificis ul reepiration, to 
whic h reference will be made further in the dise USSLOT Ll. 
Cunninghas ums? very able summary of the experimental data fol- 
catia: the a h of d’Arsonval 1s here very freely used. ‘The researches 
f later writers clearly led to the conclusions that neither the results 
of experiments on animals with strong ele cine curn nts nor the numer- 
ous reports of pathologic findings in the bodies of men killed accidentally 
Be - the electric currents of commerce or legally electrocuted by the high- 
tension “current CHP toyed by the aut horities in New York State, arr 
in the least corrobative of the hypotheses of these French investigators. 
Cunningham's experiments bear out the conclusions of the later writers, 


ee ae 


W ath Gri that iT] the higher a i nit Lis als the chet le thal efiec +1 of both the 
continuous and the alternating currents 1s due to their action on the 
heart. Thus, in order to bring about fatal results very much stronger 
currents are necesezary when the electrodes are applied to both sides 
of the head. A complication of the p roblem arses from the fact that 
death may take place in different ways, according to the path traveled 
by the elect rie current. Thus the work of Cunningham and others has 
shown that if death results from the more or less prolonged passage 
of a strong Current through the exposed bramn and Upper spinal cord, 
the lethal effect is plainly the result of asphyxia, while in a second class. 
where the course of even a moder: ate current traverses the heart for ti 
brief period only, the deadly result is due to the interference with the 
coordinating power of the heart, which takes place suddenly and is 
permanent, causing the central nervous system to die of anemia. A 
corollary of this fact is the indication that death by electrocution could 
be caused in a shorter time and with ereater certainty if the electrodes 
were so placed that the greater part of the electric current were mace 
to traverse the heart directly. The cerebrospinal are should be included, 
however, in the path of the current in order to etill the respiratory as 
well as the cardiac movements. As potted out in the section on Pathol- 
ozy, the heart in animals killed hv electnie current is found to show 
a condition of “delirium cordis™ or “fibrillary contraction.” This 
is What leads Cunningham to assert that death by commercial electric 
currents, as well as death by electrocution, is due for the most part to 
the fact that the electric current induces fibrillary contractions of the 
heart. The summary of conclusions by Cunningham is here given: 
(1) Industrial electric currents, which traverse the whole body trans- 
versely or longitudinally in sufficient intensity, kill because fibrillary 
contraction of the heart is produced, and not, as has been hitherto 
surmised, by produc Ing a total paralysis of that organ or by killing 
outright. (2) Such currents neither kill the central nervous system 
outright nor paralyze i it instantancously. Death of the nervous system 
from such currents is due to the total anemia following a sudden arrest 
of the circulation. (3) In rare cases, when an electric current traverses 
only the cerebrocervical portion of the nervous system in considerable 
‘Cunningham, New York Medical Journal (loc, cil). 
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time, it may ‘kill by asphyxia 
; 2 hibition of the respiratery 
luring the passage of the current. 
lusion that the ibe eaeae respiratory 
in sucn conditions: ich) lustrial currents 
hal to froms and turtles, as the concditiort 


id] spontaneously disappears from the ae aPts after rt 


r “ito pass. Such animals can, of course, be killed | by 
‘olonged Sppuees ion of a current of odaae inte nsity orb V 
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D1 af enormous voltage and laree intensity. (5) Si trong electric 
urrents applied to the surface of the skin affect the heart in the same 
manne ras currents of less strength do w hen they are applie d directly 
to the exposed heart. (6 lt may be posal ble for an electric current 
of enormous init ensit ¥ aril e lectromotive force to produ ce inst: antaneous 
death. either by its disruptive action or by producing YF an instantaneous 
heat coa: zulatio n of the cellular constituents of the body. Industrial 
currents do not kill instantly, although as a result of their action death 
rapidly occurs. The experience of individuals who have recovered 
from severe electric shock indicates that such a mode of death is not a 
painfu | one. 

“ince. trom i pathologic point Or V lew, the critical analysis of the 
cellular ch: anges described by Corrado does not enable one to say what 
rhe rate wat CAUSE ot the cellul: iT destruction may have been, the results 
of physiologic investigation must be accepted; and since independent 
observers—C ‘unningham, Prévost, and Battelli—have come to similar 
conclusions, it seems that the quest ion of the cause of death by electricity 
has an authoritative answer in the conclusions just quoted. 

The experiments of Prévost and Battelli, page 367, are of the 
ereatest value. They show that with the same position of the elec- 
trodes currents measured in hundreds of volts kill by cardiac fibrilla- 


tion: and currents measured in thousands of volts kill by respiratory 
paralysis. 


‘Corrado’s observations, while not disproving this statement, throw some Im- 
portant light on the pathologic processes taking place in the medullary centers. 





HIGH-FREQUENCY CURRENTS 

Ir will be remembered that when a discharge of electrostatic energy 
kes rl sue from a Leyden jar the spark does not represent a single 
oo I i Lae | ial “e i = _ ws . re 3 c 
exchange of the exact amount required to equalize the el circ condt- 
tion of its two armatures. On the contrary, the state of equilibrium 
fs reached bv a series of oscillations back and forth at the rate of about 
This is somewhat analogous to the experiment with 


LaKt 


a WOW 4 Sccorc, 
hl | fay _ : ai > wi us z is 7 las E ae 
the pith-ball suspended between a positively and a negatively charged 


body. The ball swings back and forth, carrying each time a fraction of 


the charee trom one ana taking it to the other body, where rt neutralizes 
that amount of electricity of the opposite sicn. This back-and-forth 
transference continues until both bodies are in the same electric conc 
tion. The oscillations occurring in the case of a discharge between 
the positively ancl neratively charged coatings of rt Leyden Jar, Or of a 
battery of Levden jars (acting as the condenser of an induction-coil. 
for example) are infinitely more rapid than the oscillations of the 


Fig. oa, tf, Sm ple discharge ‘ou high-tension electricit v: A. escilatory character dive 
fo the introduction of Leyden jars and a solenoid. 7 


pith-ball in the illustration. The relative electric condition of the two 
armatures undergoes 500.000 alternations a second. and if the human 
boy is connected with both armatures the application is quite different 
r ‘Se any torm of galvanic or faradie current. Tt is more analogous to 
t le Static Spark or breeze than to anything else, but at the same time 
with the best high-frequency apparatus a current of from 100 to O00, 
Ty ometimes 1000 or more, milliamperes passes through the patient. 
This current 1s of incomparably greater volume or amperage than that 
which passes between the poles of the most powerful static machine. 
The effect upon the patient is due to the self-induction in the coil uniting 
the two Leyden jars, which forms an essential part of all high-frequency 
apparatus. 
_ 4 simple discharge of high-tension electricity is undirectional, and 
F ig. 323, a, shows the way in which the strength of current eradually 
diminishes. 
Fig. $23, b, shows the oscillatory character riven to the discharge by 
the introduction of Leyden Jars and a solenoid. | 
518 
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won Ohya y urrents, Wi Wis refi rrecl ii fs high-frequency 
las the d'Arsonval, Oudin, and Tesla currents, are of the 

described sand sare collec damped ozculations., ‘This e he 
me they qui ak cim neh im extent anc cle out. ibe: undampaod ery). 


rT r 
EE PR cee | 
ia 


union inextent. High-frequency currents with undamped 
oacillations a referred ro uncer the heacling of DeForest DL eel ie and 
Duddell's Singing Are (page 615). 

The Direction of High-frequency Discharges. 
a Leyden Jar may be made up of millions of oscillat 


L 
charged from a non-alternating source of clectricity. like 


ihe discharre of 
ons, bist rf it 5 


4 Static machine. 


) iret 2 


the airs Amc SElOnftst oscillation im always in the Sane direction. The 
latter 1 also the case with high-frequency Apparatus actuated hy an 
fuet il, because only the break discharges of the latter are usually 
e: the weaker make echaree Is unable to cha rire the condensers 
ischa reine cM int as indicated by the lent h of the SPAark-2ap. 
Piem brig) Rech fer Jor High —freqis ney Currents.—This eon- 
ejst= of an Incandescent electric lamp Lt which there is ei httle metal 
cylinder besides the carbon or metallic oxid filament. Alternating 


hich-ir 
ak 


ugh-Irequeney currents can pass through such a lamp im practically 
one direction only. When the filament is incandescent the partial 
vacuum m the globe becomes much less resistant to the passage of a 
current. The filament acts as a cathode, while the metal evlinder has 
a comparatively small surface for the radiation of cathode rays during 
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Fig. o24.—Apparatus for high-frequency current. 


the period when the current seeks to flow in the other direction. The 
Incandescent lamp is lighted up by the current from a storage-battery. 
_ It is necessary to recharge the Leyden jars each time that they are 
discha Pees 1, 80 a5 00 produce a ceTtam continult V of cfiect in therapeutics. 
The rate at which the Leyden jars are charged and discharged ts only 
a few hundred or a few thousand times a minute. The rate of oseil- 
lation in each individual discharge is millions of times a second. It ts 
the latter rate that gives the name “ high frequency” to these currents. 
At the present time it is not possible to obtain directly from any 
make of static machine or induction-coil a high-frequeney current. In 
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having al opening at the lower end through which is passed 
| 


" of platinum wire. This usually has a mechanism for re ry - 
ating the length which it extends beyond the pore lain stem. In 
addition there is a connection with the plate of lead. The plate of lead 
is connected with one terminal of the rheostat: the other terminal of 
the rheostat with one terminal of the ammeter; the other terminal of 
the ammeter with one terminal of the primary; the other terminal of 
the primary back to the negative terminal of the 110-volt current. 

The primary has a core consisting of a bundle of soft iron wires. This 


is held together by msulating materials, and on this is wound the pri- 


mary wire, which may consist of one or more layers of copper wire of 
any desired diameter. This is placed inside of the insulating tube 
which may be made of hard rubber or Micanite. On this insulating 
tube is mounted the secondary winding of the coil: the ends of the 
secondary winding are now connected with two sliding rods: these 
in turn are connected with the inside coatings of two Leyden jars. 
The outside coatings of the Leyden jars are connected by means of a 
coil of heavy copper wire which is known ss 
as the small solenoid of d’Arsonval. 
The patient is connected with the two ter- 
minals marked D. The strength of the 
current as applied to the patient is regu- 
lated by means of the spark-pap mid by 
the strength of current used in the pri- 
mary of the induction-coil. The current 
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Fig. $25.—An early type of Oudin high- Fig. 326.—Oudin resonator, 


fre Ler a ad 4 cee ae 


which passes through the patient is what is known as the d'Arsonval 
high-free uency current. 

In ee of the electrolytic interrupter a mechanic interrupter 
may be used. In order to obtain the d'Arsonval high-frequency current 
it is absolutely necessary, using the usual induction coil and 110-volt 
direct current, to have the above-described arrangement. 
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and QOudin High-frequency Apparatus.—D’Arsonval 
i known as the large solenoid. Dr. Oudin found that 
one end of the la ree solenoid of d’ Arsonval With one ene 
| = vl noid of d’Areonval, as shown | ¥ Fig. 325, that from the 
erminal 0 he obtained a current entirely different in character from the 
Arsonval current. He also found that by adjusting the con- 
cint between the large solenoid and the small solenoid he wa 
regulate the discharge from the terminal 0. 


t what is tm 


This led him to 
ww known as the OQudin Resonator (Fig. 326). This 
. will see is simply a combination on one tube of the small solenoid 

‘Arsonval and the large solenoid of d’Arsonval. 


tion, however, it 


In this construc- 
is arranged so that the contact E is adjustable and 
it is found that when it 1s placed at a particular point tl 


i discharge 
7 f r ae at i =a a 4 7 7 a bs | 7 | J f =p ; 
feom terminal U is at it] MAXIMUM, As tm 
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contact-poimt is moved 
above or below this particular pomt the discharge decreases. When 
it is adjusted to produce its maximum effect the apparatus ts said to 
be in resonance. 

Another arrangement for obtaining high-frequency currents consists 
in what is known as a high-frequency set. This is designed eepecially 
to operate from the 110-volt alternating current (Fig. 327). It makes 
a somewhat more simple construction than the usual induction-coil ar- 
rangement, as it does away with the electrolytic or mechanic mter- 
rupter, owing to the fact that the current is alternating. In this 

arranzement, instead of the usual 

lhe. Alternating open magnetic circuit type of in- 

. duction-coil, the closed magnetic 

circuit type is used. The alter- 

nating current is conducted to 

the double pole knife-switch; 

then one terminal is carried to 

either the metallic rheostat or 

what is known as an inductance 

kate resulator. Thisis then connected 
BAG F aca] . with one end of the primary, the 
Seceeien era a | other end of the primary to one 
Sy aE roapest terminal of the ammeter, the 
other terminal of the ammeter 


Fig. 327.—Teala high-frequcocy set. 


back to the main line. The secondary circuit is connected with the 
Leyden jars, which are connected with the Tesla coil. niente tens 
regulated by means of the inductance and the length of spark Geb: an 
place of a Tesla transformer the secondary can be connected igre a 
Qudin resonator. At the present time it is not possible to obtam & high 
frequeney current in any other than by the above or similar eevee 
You cannot obtain a high-frequency current direct from either . 
induction-eoil or the static machine. With either of these it 1s necessary 
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ve the arrangement of d'Arsonval, the arrangement of Tela, or 


of Oudin in addition to the static machine or coil. I call atten- 
to this parti ular s some manufacturers claim that their static 


> will give a high- frequency current direct. They use in con- 
vith the static machine a vacuum clectrode, and, as a rule, it 
= connected up as shown by Fig. 329. When the vacuum electrode 


iced in contact with the patient it will lighi up with a violet color 
as it would if attached 1 high-frequency apparatus, but 


produced im thi patient i3 entirely different, being of a 
aracter; it is, in fact, when used in this way in conjunction 
Cite “Lire a), imply ul method ot applying the 1" 


Pave-Current 
THACUUMT | Ling ‘Eroces. T hise Wren has al certain therapeutic 


but should mot be called a high-freque ney current. It will be 
eferred to as vibratory current (Figs. 329 and 330). 
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One very simple test. to demonstrate physically the difference 
between this current and either form of hirh- -freque ncy current is to 
have the subject come in contact with the metal part which holds the 
vacuum electrode. When this is connected with the static machine 
as above deseribed, you will expe rience a ve ry disagreeable shock, 
wherea is, When rt 1 connected with a high-fre quency current no sensation 
other than that of having a slight feeling of warmth will be experienced. 
Vacuum electrodes are used in this same way with an mduction-coil, 
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Fig. 330.—Connection when vibratory current i used from z-ray caval. 


the strength of current being regulated by the distance A and B are 
separated. tale 

In order to demonstrate the faet that this current is not a high-fre- 
7 aaa one, it is only necessary to insert between the electrode and 
the apparatus a little instrument known as the oscilloscope. Fig. 
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$31 shows this in circuit with a Tesla current. 

vou Will notice that the violet 

whereas when connected w th 

in both sides of the center. 
An inducton-coil, such ss 

desirable for hig 


| With the static machine 
= «|| Ol fe “ile ot the center, 
the Tesla current it shows the violet eolor 


elactl 


i suitable for z-ray work, 15 
-frequency apparatus. A 12-inch coil i 
t, and can be used no matter what 
ihe source of the primary current are. The primary winding 
“cL! shoul l have a larce number of burns ia cia to give pats 
nductance anc | proportionately 
n this case the actual spark length S00 


than the “fatness” of the 


Very 
8 about the 
the nature of the interrur iter 


AL 
discha Tee. 
ms to be of less in lportance 
} : Spark, and in my | Wh apparatus the heat 
results are obtaimed with an adjustment which will produce a &inch 
fame between the poles of the coil when the hi Eh- [re quency apparatus 
disconnected from them. Every z-ray- coil should have a variable 
poe winding, and if this 15 the case it will be easy to adjust it 
the best high- frequency work. A desideratum IS an interrupter 
W hic h will produce a sufhe ently heavy spark with only one, two or three, 
four, or five amperes of primary current. This means less wear upon 
the apparatus and longer continuous use without detriment. 


& 
Ct 


he ee a a ‘OnCar 4" 


he 


rose cater 
~~ — Ores Hosni 
- Sct _£ wate” cover 


pe demonstrates oscillatory character of Tela high-frequency 
Current. 


731,—Decilleero 


With alternating currents an x-ray coil with one of the rectifiers 
described on page 699 works very we ‘Il, or Gaiffe’s transformer outht 
may be usec. 

Gaiffe’s transformer outfit, without any interes for =z-ray 
and high-frequency apparatus, is described in detail on page 719. 
The ordinary alternating electric-light current oe ses through & primary 
wire, Which surrounds one part of the circumference of a magnet which 
forms a complete nng. Around another or the same part of the ring is 
wrapped the second: ary wire. The voltage in the secondary W ire is aS THAT 
times the original 110 volts as its number of turns of wire is times the 
number of turns in the primary wire. The magnetic ring, with ts 
primary and secondary windings, constitutes a transformer; in this 
CSC a alep-up transforme r. since the voltage i increased by it. The 
switches and liquid rheostats and condensers are all arranged as for 
x-ray work, but the two ventril tubes need not be used. Connection 
In made from the t two z-ray terminals to the high-frequency apparariis. 
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will work continuously for an indefinite length of time 


pabsolute uniformity. It is the very best for we with an alter. 

irrent, sine may prove to he eo much better than an tcduetion- 
coil and interrupter that, even with a direct current. it will be advantage- 
ous to use this outfit In connection with a motor generator by which 
the direct current is made to produce an alternating onc. 

d’Arsonval transformer is one of the simplest 
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1 adjustable and enclosed (mufiled) ena rk-gap. The 


the Leyden jars are connected with each other by zu 


iS i col of PCy i Wire hs COU TL in mat form of raf hollow 
evlinder. The turns of this wire, about twenty Im number, are abort 
half an ineh ApArT, ancl neg ure no further insulation from each other. 
Conducting cords also PSS 00 the patient [rom turms near the ends of 


the solenoid. One of these cords terminates in an ordinary metal 


handle, which 1s usually held by the patient. The other sometimes 
terminates In an insulated handle held by the operator. This has a 
metalhe socket, into which fit electrodes of metal or of glass: the lai ter 
are vacuum tubes of various kinds, or this wire may terminate in the 
metallic plate of an autocondensation couch, or neither wire may 
go to patient, but they may lead to opposite extremities of an autocon- 
duction Care. 

The poles of the z-ray coil are widely separated: the points of the 
spark-gap of the d’Arsonval transformer are separated about one-third 
or one-half inch and a sufficient current is turned on to cause a rapid 
and uniform succession of sparks across the spark-gap. The latter is 
muffled, enclosed in a glass cylinder or vulcanite box to deaden the 
noise. Nitric acid fumes are generated by the passage of these sparks 
through the nitrogen of the air and a metallic nitrate is deposited upon 
the interior of the glass, which eventually interferes with the spark-cap 
by short circuiting and requires to be cleaned out. The patient, holding 
one of the handles in one hand and a vacuum electrode in the other. 
will experience no sensation but that of a gradually developing warmth 
from the vacuum electrode. This is true even with a current of 200 
to 500 milliamperes passing through the patient. The vacuum electrode 
becomes lighted up by waves of violet light passing down inside the 
tube, succeeding each other at a rate which seems to be the same as 
that of the sparks across the spark-gap. This is ordinarily at the same 
rate as the interrupter. A hot-wire milliamperemeter, placed in Series 
with the patient, shows the strength of the current. lf the electrode 
is not In good contact with the skin, sparks may be seen beginning at 
some little distance and passing along the outside of the glass to the 
skin. There is also a production of ozone from the same sparks. There 
is no spark-fap in circuit with the patient. He Is On & shunt circuit 
with the solenoid, and the fact that he gets any current at all is due to 
the heavy impedence in the solenoid developed by its self-induction. 

To light an incandescent lamp by direct conduction of high-ire- 
quency currents two persons hold each a metallic electrode from one 
pole of the Asmonval transformer and each by his other hand holds 
one of the wires leading to an electric lamp suspended between them. 
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he lamp mit) Heht up brightly and still the perzons experience no sen- 
ato Prom the current Passing through their bodies. 

The author's vacuum electrodes, with a vacuum of about - A of an 
atmosphere, are made with a leading-in wire passing just through the 
thickness of the ¢'| ASS at the point where the tube has a screv thread 
> Is screwed into a metal socket well up inside of a special 
andle or hard rubber, which is completely insulated. “oO current macs 
be received by either the patient or the operator from any part of the 
haniile. The glass electrode is the only bare part, and cont art with 

hat is not disagreeable at all, although the current may be sufficient 
o light up a 16-candle-power lamp placed in circuit with the patient. 
Those for the SL face of the body are simple tubes with a dome-shaped 
extremity, while some of those for the mouth. rectum. ot Varina have 
an insulated stem where they enter the cavity and where sparks might 
occur from the contact being legs perfect than further in where : 


The tube 


1 It 1 Sur- 
rounded by mucous membrane. This insulation is accomplished by 
having the vacuum tube very small along this portion of its length, and 
having an air-space between it and an outer tube of glass, which is 
of uniform caliber with the portions of the electrode above and below 
it. The waves of light may be seen in the upper and lower and the 
narrow central portion, but are absent from the outer jacket sur- 
rounding the latter, and no current is obtained by touching this outer 
jacket. 

Other vacuum electrodes are made without any wire, the current 
being of sufficiently high tension to penetrate glass of any reasonable 


i 
= 


Fig. 330,.—Autocondensation couc h. 


thickness. In this case, to obtain a sufficient current the glass should 
be quite thin and there should be a large area of contact with the 
metal handle to avoid overheating the glass at that place. — Different 
forms of metal and glass electrodes for various parts of the surface 
and for the different orifices of the body are made, and will be considered 
in detail in the section upon the Therapeutic Application ol High-tre- 
quency Currents. | 
The autocondensation couch consists of a sheet of metal or a 
flat mass of wires connected with one pole of the d’Arsonval trans 
former, on top of which is a thick insulating mattress upon which the 
patient lies. The handle from the other pole of the d Arsonval truns- 
former is held in the patient's hand, and when the apparatus Is In opera- 
tion « current of 100 to 400 milliamperes is indicated by the meter 
which is in circuit with the patient, The patient becoming charged with 
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leg tricity and thi metal plate with eVect ricits of hye Op po-= 


ie insulating mattress intervening, form a Om plete con- 
th ee principle as a Levden jar. The patient corresponds 
external metallic coating or armature of the Levder 7 
each time the patient and the metal sheet become overcharged and 2 
discharge takes piace across the muffhecl Spairk-fap of the cd’Arsonval 


jar, cane 


apparatus the patient undergoes ¥Yery great number of electric 
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the patient by induction from the wire couch without any 
‘connection reaching the patient. 


is Of tnduraled fiber an eighth of an inch thick, 
uDon the back of wh his a cheet of -TAy metal. An this ec Verec aArnin 


- couch consis 


with a licht insulating cloth This ts made in two sections. hinged 
together with quite a wide insulated separation, the wire from one pole 
of the a Ars mrval PeiSSes to one metal sheet. and the wire from the 
tal sheet. A convenient wav to use it is to 


in § 
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othet pole to the OLMeEr Te 


place it on an ordinary chair so that one part forms the seat and another 


the back. There should be no metallic parts to the chair except the 
ordinary nails and tacks. Before the patient is seated upon this the 
current shown by a milliampéremeter in cireuit with the couch may 
be 150 milliamperes, and the moment the patient sits down it may 
increase to over 400 milliamperes. This is without any sensation. 


Through the patient’s back he receives an induced charge trom one 
metal sheet, and through the lower part of the body and the thighs he 
receives an induced charge of the opposite sien from the other metal 
snect. Thus, an extremely rapid series of condenser discharges 1s 
produced through the patient’s body. If a stronger current Is turned 
on, 500 or 600 milliamperes, considerable brush discharge passes to the 
patient through the indurated fiber. While this is not disagreeable 
or harmful for a short time. it is better to avoid 1t m general. 

With the autocondensation couch used by the author the current 
may be between 400 and 500 milliamperes when the patient is seated 
upon it and thus by a conductor effect facilitates the discharge. And 
when the patient leaves the couch the current wll be SOcn to diminish 
to about 100 miihamperes. It will be remembered that if two Leyden 


jars are hung from the prime conductors of a static machine and a 
métal rod connects the outer layers of the jars, tremendously powerful 
white sparks pass between the poles of the coil. These are a thousand 
times louder than the discharge which takes place when the rod ts dis- 
connected from the outer layers of the Leyden jars. The wonderful 
discharge which takes place between the poles of the static machine 
when the rod is in place is accompanied and, one can almost say, Sag 
duced by a similar discharge which passes through the rod. Int - 
autocondensation couch in question the lead plates to which the wires 
lead from the high-frequency coil correspond to the inner “ena Ne 
the two Leyden jars in the experiment with the static soeest geen wissis 
patient's body corresponds to the outer layers of the two Leyden apt 
and the rod connecting them. The difference between the number nig 
milliamperes going through the wires passing to the autocondensation 
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a table toy on wehbe wath patient lies. 

connected with the two poles of the d’Arsonval transformer, 

n in operation high-frequency currents are produced in the 

tient without his being in metallic connection with any part of the 
apparatus. 


Measurement of High-frequency Currents in Autoconduction.—The 


Sis 
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. lo measurement of the strength of the current induced im 
the interior of the autoconduction cage 1% om Gnausses. as desernbed hy 
Doumer, and depends upon the amount of 


lis two et Temi- 


current induced in a loop of 
wire placed inside the autoconduction cage and parallel with its turns. 
The currents are alternating, and the AM peremeter i= usually a thermic 
or hot-wire instrument. The graduations may be directly in Gausses. 
The frequency of the oscillatrons in high-frequency Currents may be 
measured by Ferrie’s ondometer. This has a certain length of wire, 
which may be placed parallel with and close to the wire through which 
the exeillatory Current Tr TMLSSInge. "The wire mentioned forms Peart ol 2 
circuit which also contains a self-induction, a condenser of adjustable 
capacity, and a hot-wire milliamperemeter. The capacity of the con- 
denser in the ondometer is regulated so that the maximum current 18 
registered, indicating oscillations synchronous with those in the circuit 
to be tested. The condenser is graduated in figures representing the 
number of oscillations per second. This is between 300,000 and 600,000 
for most high-frequency work. os ! 
3 Efede Wadocsnuicson and Autocondensation.—W ith porn ip 
autacondensation couch and the autoconduction cage the patient does 
not feel any electricity, but its presence may be proved by elu 
sparks from any part of his body and even a slight grit aoe er 
charge may take place between the patient > two hands t ed ae ts 
each are brought lightly together. A variety ol abner Sate eas 
performed with incandescent lamps or telephones ae ars 4 ae 
presence of electricity on every portion of the patient s oe nly necessary 
To light an incandescent lamp by autoconduction If 1s 08? 1 by high- 
to connect it by a loop of wire held inside a solenoid t oh eed ohts 
frequency currents. A vacuum tube approached to Ene hi vh-frequency 
up. Any body inside a solenoid 1s itself traversed by MEB-!h 
currents. Ree en L*. annaratils if 
Piffard’s Hyperstatic Transformer (I Ip. BES oe oe achine- 
devised to obtain high-frequency currents [rom bh zie eonnected 
Two medium-sized Leyden jars have their mner Tee ark- rap 12 
with the two prime conductors of the static machine. a sa eh. 
obtained by separating the poles of the static fears r : extremities 
The outer layers of the Leyden jars are connected aaa With the 
of a small solenoid, at the ends of which are bine pacar there Is an 
plates revolving at the rate of 64) or $00 : aceon to the 
effluve to be felt from both binding-posts, eer For mild 
positive pole of the static machine ee ay ake Oia (the positive) 
applications a vacuum electrode Ls connect wil feat active effect the 
pole of the hyperstatic transformer. For & mo 
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patient holels m mets! eloct rode CoTnmected weet I one pole while a Yacuum 
or a metal clectrode from the other pole is applied to the region to be 
treated. Piffard’s own belief is that the hyperstatic current ia chiefte 
Valuable for a loca! effect, as in chronic eczema, and that: it cannot take 
the place of the d’Arsonval current, with its vastly greater amperage 

5 . = 


Fig. ees. — The Piffard hv perstatic tranesiorner, 


far the production of constitutional! ettects. The static machines st) 
ally found in Europe scarcely amount to more than laboratory tovs. It 
is only the large American machines with eight or more pairs of plates, 
30 inches or more in diameter, that are suitable for this therapeutic 
application. 


THE OUDIN RESONATOR 

We come now to another type of high-frequency apparatus in which 
a condenser discharge is passed through one or more turns of an as- 
cending spiral of which the upper end isfree. The self-induction in the 
spiral increases toward its extremity, where the tension is such that the 
Wire gives off an effluve or'brush discharge of several inches into the 
empty air and a much more powerful one if some conductor like the 
human body approaches it. Quite a usual model is shown in Fig. 354. 
The poles of the induction-coil, or static machine, or transformer, are 
connected to the inner armatures of two Leyden jars (the condensers), 
and these same inner armatures are connected with a muffled spark- 
gap. The outer armatures of the two Levden jars are connected 
by a solenoid just as in the d’Arsonyal transformer, but in addition 
4 wire passes from one end of the solenoid to the lower extremity 
of the vertical coil (the Qudin resonator proper) and another wire 
passes from an adjustable contact, usually near the middle of the 
small solenoid, to another adjustable contact with the Oudin resonator, 
usually about one-fifth of the distance from its lower pole. The adjust- 
ment between the amount of self-induction in these two coils produces 
harmony in the electric oscillations, and it 1s from ‘his resonance that 
the apparatus derives its name. In order that this shall work well it 
Is necessary to choose the proper turn in the spiral to which the second 








Fig. 424.—The Oudin reeonator and d'Arson val high-frequency appanstus. 


cylinder type of Qudin. In my model the spiral ts 30 inches in cham- 
eter, and there sre binding-posta at different parts to enable various 
strengths of discharge Ci} he Tooke The eflluve from the micidle ot the 
spiral is very powerful. The coil is large and h cavily insulated and the 
turns of the spiral are about 1 inch apart. | 
‘The Oudin resonator is intended principally for unipolar applications, 
either as an effluve from pointed electrodes held at a distance from the 
rh 
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poe of each is attached to the opposite ends of the small solenoid. When 
Loe resonator Is connected with an autoconcdensation couch the full 
Lrenarry # Po 6 wy : | - 

Str ngth Ot lise harce shoul right he wsecel. li woul he likely to cause 
painful sparks, - 

li oon SPpparacus | he outer armatures of the Leyden jarsare connected 
if ne: 4 With the Oudin resonator, one with the lower pole “ariel the 
the same effect as the small solenoid and enable this to be dispensed 
With. 
= Many other combinations of Leyden jars and coils have made for 
high-frequeney currents, 


TESLA HIGH-FREQUENCY CURRENT 
In order to obtain this from the 110-volt direct current it 1s neces- 
sary to have all the apparatus as described for the d'Arsonval current, and 
in addition, aa shown by Fig. 327, p. 521, and insulating tube is placed 
inside or outaide of the amall solenoid of d'Arsonval, and then a winding 
of very fine wire is placed either inside of the tube, if the tube is lana? 
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tially of a Tesla transformer and an Qudin resonator, whee 


Wi Ves 
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. | un rec upper ter- 
minal is carnmed to the top of the mast of a ship or of « hich Hag-pole 
on shore. The Tesla transformer consists first of a primary coil, 
through whi h ows a rapidly interrupted current of high voltage from 
n induction-coul or from a step-up transformer: this primary coil is 
surrounded by a secondary coil, consisting of a large number of turns of 
very fine wire, and the originally high tension is enormously multiplied. 
Other essential parts of the Tesla transformer are the condenser and an 
adjustable spark-gap between the extremities of the primary coil. 
The condenser and spark-cap SCry ee the Sa TLe Purpose here a4 11 the 
d‘Arsonval transformer to be described later. Both the primary and 
the secondary coil and the condenser are immersed in oil to prevent 
sparking from one coil to the other. The terminal poles of the Tesla 
transformer are wide apart, and the discharge from them is of alto- 
gether extraordinary power. To excite an Oudin resonator one terminal 
of the Tesla transformer is grounded and the other terminal is connected 
with the Oudin resonator at the height found to produce the best results. 

Dr. Henry G. Piffard of this city modified the original Tesla apparatus 
so. as to make it applicable to any static machine, and in order to differen- 
tiate it from an apparatus operated by a coil he called it the hyperstatic 
transformer. At the present time we have practically only two forms 
of high-frequency currents in use in medicine. These are the d’Arsonval 
high-frequency current and the Tesla or Oudin high-frequency current, 
The therapeutic applications of the Tesla and Oudin currentsare identical, 
the other physical characters are also identical, the only difference being 
in the mechanic construction of the apparatus itself. In a general 
way the therapeutic applications of the two forms of high-frequency 
currents are as follows: The d’Arsonval, which is a low-voltage high- 
frequency current of comparatively high amperage, is used for its con- 
stitutional action. The Tesla and Oudin resonator currents are currents 
of high frequency, high voltage, and comparatively low amperage. 
They are used mostly for their local and reflex effects. 

Violet-ray Treatment.—This is a term which has been used very 
carelessly, as there is really no such treatment. It has usually been 
applied when a vacuum electrode is used, without regard to whether 
the current was a high-frequency one or simply a high-voltage one, 
either being sufficient to cause the violet color to appear in the electrode. 

Ultraviolet-ray Treatment.—This is another term which has 
been very careless y used, it being applied when a vacuum electrode ai 
used, As the ultraviolet ray will not penetrate the thinnest piece of 
mica or celluloid, the results which have been obtained when MSIL the 
vacuum electrode are due to the form of current applied, and not so 
much to the ultraviolet rays, which are given off from the sparks outside 
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Fie. 336,— Difference between ovillatory and alternating currents 


Monolith Condensers for High Frequency.—These are condensers 

made in the form of fat plates of glass, between which are the metallic 
sheets which form the armatures of the condenser. The glass plates 
project bey« mad the edie of the metal and are soldered together by A 
cement of a glass-like consistence. Loss of electricity is prevented 
much better than by air or ou insulation ot the armatures. The capacity 
of each is about the same as that of a large Leyden jar: the condensers 
are flat disks about 1 inch thick and about 8 inches in diameter. They 
may be combined in series or in quantity, and may be placed in the 
bottom of the resonator for instance!’ — ; 
_ ,In many (rerman high-frequency apparatus the adjustable spark-gap 
is In the self-induction line between the two external armatures of the 
condensers (Fig. 337) instead of between their internal armatures as in 
the d’Arsonval and Oudin and Guilleminot arrangements. 


METHODS OF APPLYING HIGH-FREQUENCY CURRENTS 
Applications from a Small Solenoid.—Instead of wires leading 


from the external armatures to an autoconduction cage, two wires lead 
from different turns of the small solenoid directly to two electrodes 
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Fig. 337.—A German high-frequency ap- Fig. ec. Spee of high-fre- 


Paretus with apark-gap between external quency currents from d'Arsonval’s emall 


arnetures of Leyden jars, mo lowdel, 


7 pom to the patient. The effect is due chiefly to the small solenoid 
about twenty turns of heavy wire which extends between the outer 


the condensers (Fig, 338). 7 
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two spirals #0 that they are parallel and in the Zame chreetion 
Starting from the external armature of one condenser the 

to the external extremity of one Guilleminot spiral, 
ugh fifteen turns of the latter, then through a conducting 
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Fic. 239.— Autoconduction from dd’ Arson- Fig. 40 —Guilleminot’s technic for sute 
val § large solenonl. MMU wet poe. 


cord to the outer extremity of the other spiral, then through fifteen 
turns of the latter, and then through a conducting cord to the external 
armature of the other Leyden jar. It is important that the two spirals 
should be turned in the same direction. They are placed with their 
Hat surfaces parallel with each other and 24 inches apart. With a 
powerful induction-coil or transformer and good condensers and spark- 
gap the space between the two parallel spirals becomes a very strong 
electromagnetic field. A single turn of wire, hanging freely in this 
space and parallel with the external turns of the spirals, will be traversed 
by a current which will light up a series of 12- or 20-volt incandescent 
lamps. 

There is no spark or effluve effect from the inner extremity of each 
spiral with the connections made in this manner. 

For treatment the patient’s body should be so placed between the 
two spirals that the long axis of the body is parallel with the external 
tums of both spirals. The simplest way is for the patient to sit with 
a spiral at either side of him and with his legs raised by some kind of a 
foot-rest. 

Autoconduction by Guilleminot Spirals in Arterial Hypertension.— 
The treatments last twenty or thirty minutes, and in 15 cases reported 
by Guilleminot' the result of a course of treatments was to reduce the 
blood-pressure from about 21 em. of mercury to about lf em. Fifteen 
or twenty treatments sufficed to produce a permanent effect, and after 
the first six treatments any general symptoins, such as vertigo, debility, 
dyspnea, chilly feelings, were greatly relieved. | 

Autocondensation,—Wirea from two different turns of the small 


solenoid uniting the two outer armatures pass, one to an electrode beld 
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& Vora of High Frequency and High Tension.—(Oudin Resonator 

= us apparatus the discharge from the outer armat ures of the two 

condensers passes through a certain number of the lower turns in ‘ 
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Fig. 344.—The apparatus of Farrel and Lebailly, 


a of large wire, and by inductoresonance induces a very high-tension 
Hischarge from the other upper extremity of the solenond (Fig, 342), 
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Bipolar Spirals (Rochefort’s Principle).—The connections are trom 


the outer armature of one condenser to the outer extremity of one spiral, 
through the outer two or three turns of the latter, and through a sepa- 
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F page righ al Rochefort resonator Fig. 348.—The Texeira transformer. 


for uae with two condensers. 


rate wire to a corresponding turn of the other spiral, following Ss to 
ite outer extremity and to the outer armature of the other condenser 
(Figs. 446, 447, and 448). 
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Pig +49.—Hand resonator or " oscillator" (Brown, Salem, Mass.). 


Fig. 350.—Portahle high-frequency outfit (Browne). 


A good effluve is supplied by such an apparatus when connected with 
an induction-coil and condensers. 

The portable high-frequency apparatus sold for high-frequency and 
Z-ray work (Fig. 350) is usually a Tesla outfit, 

Another portable high-frequency coil (Fig. 351) is of such 4 size and 
weight that it may hang from any electric-light socket. Ti rives a suth- 


Fig. 251.—Remeo high-frequency generator, 


ciently powerful effect f. r the spark treatment of moles an small epi- 
theliomata and for the vacuum electrode treatment of neuralgia. 
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{ Ordinary | Direct discharge. 
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Electrode sta- electrodes. | charge. 
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With roeonator, 


L | charge. 
| Electrode in ( Ordinary metalhe electrodes. 
motion. | Glass vacuum electrodes. 

With Piffard transresonator. 
/ | Producing the high-frequency cautery arc. 
| Special glass vacuum ¢lectrodes applied to mucous membranes. 
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( Ordinary mete exciters. 
f oe jf Lontaining air. 
One electrode on the | Sparks by ie Containing salt solu- 
skin and the other; means of: ] Glags tubes:4 “tion. 
over exciter opera- | | Tesla vacuum tubes. 
ting at a distance. Stationary effluve. 
| Rhythmical — effluve. el es 
One electrode on the ekin, the other discharging sparks agams ee 
also in contact with the skin (mediate ciecharge analogous to static 
Wave CUITeTts). : 
} Both electrodes at a distance from the skin (double effluve). 
| One metallic electrode applied to the skin, the other a glass vacuum 


electrode also applied to the akin. — 3 mh 
Special glass vacuum electrodes applied directly to the suriace. ae 
| One electrode from the Teala-Thomeon coil is applied directly eee 
| skin, while ee ter ears to a metal ball held near anot 
mart of the skin (indirect sparks). ‘ < 
: One electrode represented be Piffard’s transresonator i ap oth 
| the skin, while the electrode from the other terminal ah rt as 
| | | byperstatic transformer is applied to another part of the skin. 


' There are: 


Local bipolar applications. 
With resonator. 


——— 


With insulated ¢ With interior metal comluctor, 
base ried bes | Without interior metal conductor. : 
Aneulated throughout their extent, except the active part 

for the urethra, rectum, vagina, mouth, ete. 


Olas vacuum electrodes, 


Degrees of Vacuum: 

1/600) = atmosphere — red vacuum. 
1/10,000 atmoephere — white vacuum. 
1/7 1.00,000 atmosphere. 
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VACUUM ELECTRODES WITH INSULATED STEMS 


A glass vacuum electrode which is to be used in the rectum or mouth 
is Often made with a double stem, the outer one being to protect the lips 
or the anus from sparks when a hich-voltage application is made 
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(] bk. es Fas "= 


Fig. 352.—New improved insulated high-frequency tube. 


The Author’s Special Electrodes and Handle.—The electrodes 
used by the author, and perhaps original with him, have leacling-In wires 
passing through the glass of the stem and making contact with a metallic 
part of the handle into which they are screwed, and by means of which 
the current is transmitted to them (Fig. 393). : 

The author’s handle (Fig. 354) is made of hard rubber, insulating 
all the metallic portions from accidental contact with the patient, no 
matter what part of the handle may touch him. 

Phe condueting-cord is the flexible insulated secondary conducting- 
cord used in automobiles. It depends upon cloth and resin or wax 
instead of rubber for its insulating properties. Soft rubber disinte- 
grates in a few minutes under the influence of a high-tension high-fre- 
quency current. The proper conducting-cord can be touched by the 
operator or patient without any shock, only a shower of violet brush 
discharge like that from a condenser electrode. But if this cord is 
brought near any other cord conducting high-voltage electricity, a 
spark may perforate the insulation and leave a spot which is no longer 
insulated, and where if the cord be held for a few seconds a burn will 
be received from a continuous stream of white sparks. Such a burns 

18 peculiar in cousing pain for only a few seconds: it leaves a dry portion 
of dead epidermis which comes off like a seab, leaving a perfectly 
healed place underneath. 

Application of High-frequency Current Vacuum Electrodes 
Through the Clothing.—Contrary to the conditions obtaining when 

"The combi Mfeet oc ve of low fre +" “urrent of hi TTY. 

* The A srg sat toa Shee ol Snow static Sher penile to shih ae ackded 
thie effects of high-frequency currents, ‘The “motor-impulee current’ produces con- 
tractions less painful than those produced by the static wave currents, 
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| ne da therapetu- 
ic effect 1t 18 necessary to acdyust the strength of the primary current, 

the length of the spark-gap, and the other factors so as to produce A 
stronger discharge. There 1s a great deal more sensation because 
of the spark etiect, due La the distance between the electrode anc the 
surtace of body anc because of the Stronger Currents emploved. A 
tube that is brilliantly illuminated produces a sharp burning sensation 
if apphed through the trousers and held at one place for a short time. 
It should usually be kept in constant motion, and then produces no 
undesirable effect, the skin not being reddened unless the current is 
applied to a small region for an appreciable length of time. The author 
has never seen any injury to the clothing. 

The effects of the application of a vacuum electrode throuch the 
thinnest underclothing are practically the same as if applied to the 
skin. There is the advantage of modesty in some cases, and no powder 
is required to enable the electrode to glide readily over the surface. 
The therapeutic uses are the same as those of the direct application to 
the skin. 

The effects of an application through thick clothing are actively 
counterirritant and rubefacient if the electrode is kept in one place for 
an appreciable length of time and if the current is quite a strong one. 
They are revulsive without rubefaction if the current is less powerful 
and the electrode is kept in constant motion. The therapeutic uses 
are found in eases of chronic articular or muscular or nerve lesions 
where a powerful counterirritant effect is desired, and in some cases of 
neurasthenia, applied along the spine. The general indications for 
high-tension high-frequency currents are met by this application in 
eases where a very marked local effect is permissible. 

_ Physiologic Effects of High-frequency Sparks and Effiluves.—The 
effluve from a resonator applied from points 4 to 10 inches from the sur- 
face feels like a fine cool or luke-warm breeze, and this produces analgesia 
and sedation. From a nearer point there is a prickling, contraction of 
the cutaneous muscular fibers, redness, and arterial hyperemia. Nearer 
etill there Are powerful muscular contract 1oOns, both at the active effluve 
electrode and also at the indifferent contact electrode from the other 
pole of the resonator, but there is practically no heat generated in the 
tiasues. Actual sparks applied in one place stimulate the cutaneous mus- 
cular fibers (goose flesh) and vasoconstrictors. After paleness, lasting 
one-half to one minute, an intense erythema develops. Prolonged ape 
cation is followed by vasodilatation, edema, blistering, diapedesis of red 
cella, ‘The longer high-tension sparks cause contraction of deep-seated 
rin Lae: Les. 2 

Electrolytic Effect of High-frequency Sparks.—High-frequency cur 
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Fulguration, or Keating Hart's Method of High-frequency 
Sparks tor Cancer.'—This method consists in the application of long 


| POWer ul sparks for the destruction of morbid tissu 
bas 


The apparatus 
any of the resonators giving high-frequency currents, and may 
MOO War oF bipolar, the latter bere preferable The patient 
i metallic electrode connected with one pole of the resonator. while 


naire electrode I= brought near the diseased ATES. This eleetrocde 
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ng sleeve, by which the length of the spark is @xactly 
rulated, and a current of air or CO, is forced through it to keep the 
temperature from becoming too hich. The st rongest possible discharges 

used 

In the case of a small ulcerated epithelioma the application is 
divided into four different steps. At first several sparks are applied, 
producing blanching of the tissues and a marked degree of anesthesia, 
then more powerful sparks are applied, softening the tissues; third, the 
tissues treated by the sparks are curretted and enucleated; fourth, the 
same powerful sparks are applied at the bottom of the wound to elimi- 
nate any traces of neoplasm. 

Larger tumors, especially those in which ulceration has not taken 
place, require the surgical procedure first, followed by the high-fre- 
quency sparks over the floor of the wound. ‘The treatment requires A 
eeneral anesthetic, and in some cases it 1s preferable to destroy different 
parts of a large tumor at a number of different sittings. 

A typical operation by this method consists in an excision of a can- 
cerous breast and axillary glands, under general anesthesia, of course, 
and then the application of these long, loud sparks to the entire raw 
surface, except the under surface of the skin flaps, which would certainly 
become necrotic if subjected to this treatment. As each spark strikes 
the exposed muscle a bunch of muscular fibers may be seen to contract 
violently. De Keating Hart continues to apply these sparks for a 
number of minutes, until the entire surface changes from a raw red to 
a dry, brownish, cooked appearance. Ample provision 1s made for 
drainage when the wound is closed. The consequence is a tremendous 
oozing of serum and a wound affording a fruitful field for mfection, 
against which the greatest precautions should be taken. The theory 
is that the fulguration has a tendency to prevent recurrence by its effect 
upon the remaining tissues. Of course It cannot prevent recurrences 
in the skin or along the cicatricial line, because it cannot be applied 
there. nl eae sl 

Having seen the method applied by the brilliant orginator, and 
considering the results reported, the author feels that he cannot recom- 
mend this method for cases of this character. | 

The claim is made that recurrences are very much less prevalent 
after this method than after simple surgical excision, and that the 
cieatrices are as good cosmetically as those following omasggangen. 3 
High-frequeney sparks seem to have a selective effect upon mor 
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_! Archives d'electricité medicale, August 10, KV. 





F ig. ok). — Keating Hart's apparatus for fulguration. 


Many different clectrotherapeutists employed high-frequency sparks 
before the publication of Keating Hart's method. The originality 
in the latter seems to lie in the combination of su reery and electricity. 

The author’s electrode (Fig. 357) for applying high-frequency 
sparks for their destructive effect was described at a mecting of the 


Fig. 34.—Keating Hart's clectrode for fulguration. 


American Electrotherapeutic Association in 1905, and provides a 
means of regulating the strength of sparks from zero up to their maxi- 
mum of length. The conducting-cord from the resonator is attached 
to the portion of the electrode which is to be applied to the patient. 
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Fig. 357.—Tousey's electrode for high-frequency sparks. 


actually to burn and char the tissues. The author's method gives good 
results in both ulcerated and non-ulcerated cutaneous epithelioma and 
In ulcerated carcinoma of the breast. ; 

Bipolar Oudin Resonator Applied for a Local Effect.—Oudin 
and Ronneaux' use two different adjustments for the application ot 
high-frequency currents for local effect. Their apparatus consists of 
a bipolar Qudin resonator connected with two pairs of Leyden Jars, 
charged by either a 50-cm. induction-coil or by a closed magnetic circuit 
step-up transformer actuated by an alternating current. (ne adjust- 
ment of the apparatus consists in connecting the diseased part with the 
Upper extremity of one resonator while an effluve 15 applied by a brush 
electrode connected with the Upper extremity of the other resonator. 
The other adjustment has the lower extremity of a single resonator con- 
nected with the diseased area, while the brush electrode 18 connected 
with the Upper extremity of the same resonator. An rm yrovement 
consists in placing the patient LIpOr 0 insulated platform. ; he appl 
cations are made every two or three days, They last ten minutes, and 
are followed by a series of sparks lasting ten or fifteen seconds, 

The Crown efluver (Fig. 358) has a range of usefulness similar to 
that of the static crown. 


Le Hadium, September 1, 14h, ppp SUS, 





The Effect of Condenser Electrodes. 
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Fig. 355,—Crown etHuver for high-fre- 
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the other pole, The effect is the 


same as when a f lass VACUUM élerc- 
trode is used with the same kind of 
current. In the particular case de- 
scribed, and if the ADpPArAtuUsS 1S ac- 
justed for creat Amperage and low 
voltage, there will be Little or no 
spark eltect, and the local ef pet 
will be antiphlegmasie and seda- 
tive, while the constitutional effect 
will be to lower the blood-pressure 
if it if unnaturally hich. There 
Will be the Same other less-marked 
effects that are obtained when a 
glass vacuum electrode is used. In 
no case does the salt solution in 
the condenser hecome luminous, 
and with the current regulated 
for a distinctly d'Arsonval effect 
there is only a little violet brush 
discharge where an imperfect con- 
tact is made with the skin. 

A salt solution condenser elec- 
trode, with a higher voltage dis- 
charge, gives the same shower of 
sparks as the vacuum electrode, 
but much stronger with the same 
conditions in the rest of the ap- 
paratus, 

This strong application pro- 
duces a powerful revulsive effect, 
making it wonderfully effective In 
some cases of neuritis and myositis. 


A salt solution condenser electrode is the most perfect means of 
making local applications for obtaining the different effects of the dis- 
charge either from a static machine, or from a Leyden jar connected 
with a static machine, or from either pole of an induction-coil (the 
strength to be limited by setting the spintremeter for a short spark). 
or of the discharge from a high-frequeney apparatus of either the d’Ar 


sonval or the Oudin type. 
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Condenser Electrodes of Large Size.—This is exactly what 


i I re ibaas the 

Mounts Tap, Lhe uct es] i] thy ifi= 
I OO pe iITALIVeLlyY low-tension bigh- 

ht case Of sclatica are generally 


= wae ! aan 1 ‘ L. . ‘ . A 
1 Lpi rib ti Gt Lhe =i" Lion (iy Autocon- 


OTHER APPLICATIONS WITH EFFECTS RESEMBLING THOSE OF HIGH. 
FREQUENCY CURRENTS 

Glass Vacuum Electrode Connected with One Pole of a Tesla 
Transformer, Enown also as a High-frequency Coil.—An easily 
portable outfit no larger than a handbag has been introduced in Amerea 

the Seeley z-ray apparatus and others), which consists of a complete 
Tesla apparatus. This requires only to be connected with an electric- 
light socket to be ready for bipolar use for exciting an z-ray bulb, or one 
pole only may be used to excite a vacuum electrode. The last application 
bject of the present paragraph. It has the same rather sharp 
spark effect which characterizes the sumilar use of an induction-coil, and 
the patient is hable to jump if any metallic object or another perzon 
touches him. It is, therefore, a less agreeable application than the one 
which emplovs a d'Arsonval or an Qudm apparatus to excite the vacuum 
electrode. A shower of sparks from it would be disagreeable. The 
therapeutic effects are similar to those from vacuum electrodes con- 
nected with the Oudin resonator. There is no muscular contraction 
and scarcely any sensation but that of warmth. There is a stimula- 
tion of metabolism and a tendency to raise arterial tension when it 1s 
abnormally low. It has analgesic properties. 

Glass Vacuum Electrodes and the Static Machine.—The clec- 
trodes should have leading-in wires. 

Their effect when connected with a high-frequency apparatus, 
either d'Arsonval or Oudin, actuated by a static machine, is about the 
same as when the high-frequency apparatus is actuated by an induc- 
tion-coil. 

Their effect when connected with one pole of the static machine 
without Levden jars is somewhat different. The discharging rods of 
the static machine should be about 4 inch apart. 

A series of shocks are felt when the electrode is held in the hand. 
It is as if slight muscular contractions were being caused, producing 
sensations in the different tendons in the wrist. If the electrode is 
lightly applied over the sensory nerves in the proximal portions of the 
fingers, a slight tingling sensation is felt at the distribution of these 
nerves. Rather sharp but very small sparks are felt when the elee- 
trode is held st a small distance from the surface. A greater separation 
of the conducting-rods produces more marked sensations of muscular 
contraction, which may extend up as far as the elbow. There is, how- 
ever, no actual movement of the arm and no rigidity. The ides “ 
fully charged during this application, and any one touching hie other 

, for instance, receives o sharp spark, which causes the hand to 
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“These two methods of using the vacuum clectrodes with a atatie 
machine are convenient means of local application of statie electricity. 
Their effects are not due to the light mn the tube, but to the nature of 
the current transmitted through the partial vacuum. The patient 
need not be insulated. 

A Glass Vacuum Electrode Connected with One Pole of an 
Induction-coil.—A coil suitable for z-ray purposes may be used for 
this application. The vacuum electrode does not show much light 
until it 1 brought near the patient. Then quite sharp sparks pass to 
the surface, so that 1t is necessary to apply the electrode quickly, or in 
some cases, as in the rectum, to apply it before turning on the current. 
As the electrode 1s passed Over the surface it 1s quite essential to Con) 
stantly maintain a good contact with the skin, taleum powder enabling 
the electrode to glide smoothly over the surface. Every part of the 
patient is charged with electricity of such a kind that imperfect contact 
with any metallic object or another person will give rise to disagreeable 
shocks. A child sitting on its mother’s lap while this application is 
being made usually cries most of the time because of the succession of 
shocks received from the mother. The induction-coil should be regu- 
lated to produce about a 24-inch spark. The spintremeter should be 
set at 3 inches, so that the patient will be protected against the pos- 
sible occurrence of an excessive discharge. The application causes 
no muscular contraction and no sensation except that of warmth when 
the electrode is in perfect contact and a moderate current is used. Such 
an electrode held in the hand while an excessive current is applied, the 
full power of an induction-coil, produces no museular contraction in the 
sense of not being able to let go of the electrode or to move the arm in 
any direction. There are, however, the slight tingling sensations in the 
tendons about the wrist which most strong electric applications pro- 
duce. There is nothing to be gained by making such an excessively 
strong application, but it does not affect the patient injuriously if done 
accidently or for experiment. : ' . 

The effect of a glass vacuum clectrode connected directly with 
one pole of an z-ray induction-coil is to produce a local counterirritant 
effect without the necessity for reddening the skin, and a general effect 
in the direction of Increasing metabolism and stimulating the sympa- 
thetic nerves and glandular activity. = 

[t is an excellent application for facial neuralgia, and mild cases 
(not tic douloureux) show improvement after the first treatment. 
Paralyzed muscles sometimes regain their size and tone in consequence 
of this application, as in cases of infantile paralysis treated by the author. 

_ It will seldom be preferred to the Qudin or d’Arsonval currents 
with glass vacuum electrodes, and never for the application of a stream 
of sparks, because they are of a very disagreeable character, 
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Fig. 359.—Diagram of Marconi wireless telegraphy (Houston.) 


a temporary path to the earth. Not only this but more charge rushes 
cout of W than was put into it. ancl then elect icity surges back gam 
from the earth into W. A series of decreasing oscillations take place, 
like a bent spring coming to rest. Several million per second sani 
through wire and spark-gap. The visible sparks are twenty oF Churay 
asecond. Hertzian waves are set up, but recent work indicates that the ‘ 
do not transmit the message. Probably the currents rushing mh pea 
out of the earth tend to charge and discharge the earth itself and start 
radiating waves along the earth's surface. Receiving, the switch 
turned the other way. ; 

C, eoherer, two silver plugs with a pinch of metallic filings, tube 
exhausted and sealed to prevent oxidation. ag og 

Pin affects a telegraph relay R only when resistance in ( has been 

reduced by message, — 

13? in coiaata with the relay and a tape-printing telegraph receiving 
Instrument P, 
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THE PHYSIOLOGIC EFFECTS OF HIGH-FREQUENCY CURRENTS 
. Pe oe nor to! Ll thi clufii rent methods of iDnlics- 
nec of Increased metabolism. . 
| ay nm the mode of applicath Mm and Are chiefly 
7 nite nh CuTents are induced in the human 
lative effect upon the vasomotor system and 
reduce blood-pressure, while those applications which act more like 
icity, by sparks or cfluve, have a stimulant effect upon the 


Lec l-pressure which probably 
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static elect 
local cireulation, and an effect upon th , | | 
elichtiy elevates it in health and tends to bring it to the normal when 


it 1s unnaturally low from disease. ae : ; 

Local Effects.—If a metallic electrode 1s in good contact with the 
skin or mucous membrane anc the high-frequency current 15 of molerate 
streneth—i. ¢.. 150 milliamperes or less—no sensation 1s produced until 
a sense of warmth eradually develops. This may change gradually to 
decided heat if the electrode remains In one place. With a oreater 
strength of current, up to 400 or 500 milhamperes, metallic electrodes 
still give no other sensation than that of heat. If there were an im- 
perfect contact, however, brilliant white sparks would pass from the 
electrode to the surface of the body, and this would produce a sense of 
pain and a reflex muscular contraction, drawing the affected part away 
from the electrode. With vacuum electrodes in good contact wrth the 
skin there is a little sensation of stimulation besides that of simple 
warmth. This is due to the very small sparks which form an invisible 
part of the discharge, even with a moderate current of 100 milliam- 
peres, and with a heavy current of 250 milliamperes or more the 
outside of the bulb 1s covered with sparks passing to the surface of 
the body. In this ease there is a sensation as of little sharp points 
striking the surface. The high-tension effluve produces a sensation 
as of a warm breeze, and if the effluve is brought too near the surface 
rather severe sparks leap to the skin and cause the usual sensation 
produced by an electric spark, but do not cause muscular contractions. 
The vacuum electrodes, held at a little distance from the skin, give rise 
to a shower of sparks which give only a sensation of warmth with very 
weak currents, but with moderately heavy currents the sparks are 
severe and painful, and if applied for any length of time in one place 
will cause blistering or necrosis. Electrodes of copper wire covered 
with hard rubber sometimes take the place of vacuum electrodes inside 
the nose and elsewhere. They give rise to a shower of very fine sparks, 
and produce at first a slight sense of irritation. Condenser electrodes 
with a wire surrounded by oil produce more or less sparking, and this 
resembles other high-frequency applications in the absence of muscular 
contraction. 

The visible effect upon the skin varies according to the strength of 
the application. There may not be any noticeable effect or there may 
be redness lasting for minutes or hours, or groups of small red points 
looking like multiple pin-pricks, In some cases, as for w arts, the current 
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1 Of OXVEch or ozone in the tissues. The current 
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nas a vendeney tO promote the activity of tissue changes, and this is 


ae ee of in the treatment of chronic inflammatory conditions. 
it is always observed that the glass electrode hberomes covered with a 
dense dry coating of secretion from the surface cf the skin, requiring 
the vigorous use of soap and water or even sapolio to remove it. This 
is due chietly to the activity of the sweat glands under this treatment. 
The hibera i use of talcum powder enables the electrode to slide readily 
over the skin and maintain a good contact; without it the electrode 
sticks to the damp skin and disagreeable sparking results as the elec- 
Trice le cocS from place to place by jerks. The applicat lon, if at al] 
thorough, is followed by a sense of warmth lasting from a few minutes 
to an hour. The odor of ozone or of nitrogen pentoxid may be de- 
tected upon the skin for hours afterward. 

_ Spark discharges from a high-frequency electrode held at a short 
distance from the surface produce results similar to those of any other 
electric sparks. If severe and applied to one spot for more than an in- 
stant they cause a painful sensation and primary anemia followed by 
hyperemia of the skin. A prolonged application of severe sparks at 
one spot causes loss of hair and permanent destruction of some of the 
hair follicles. Wm. L. Clark" has given the name desiccation to the effect 
produced by a stream of high-frequency sparks applied to one spot fora 
few seconds. ‘The tissue is cooked rather than burnt. Freund's exper 
ment shows that such severe sparking produces an infiltration with poly- 
nuclear leukocytes in the rete Malpighii, extensive extravasation of blood, 
and vacuolization in the intima of the arterioles. ‘The inner walls of the 
arterioles in the skin may be so much thickened by this gaseous infiltra- 
tion as to fill the entire lumen. Similar changes are produced by the 
z-ray, by the ultraviolet ray, and by high-tension discharges of the same 
severity from static, faradie, or any other source. | 

Such spark discharges from a high-frequency apparatus have a very 
active bactericide effect, but this probably is not the case with applica- 
tions of a suitable therapeutic strength. The beneficial effect from the 
latter is due to a vitalizing action upon the tissue cells with 4 conse 
quent greater resistance to morbific organisms. a. | 

Moderate or severe high-frequency applications to mucous meni- 
branes, as about the mouth, eve, nose, rectum, or vanes produce effects 
similar to those upon the skin. Applications of a therapeutic strength 
' Journal of Advanced Therapeutics, April, 1911, vol. xxix, No. 4, p. 169, 
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lesirable to produce muscular contractions vibratory currents may 
lied bs conne ting the vacuum ¢lectrode with one meal: i; the 
No Leyden jars or solenoid or resonator are wsed The 
is passed rapidly over the abdominal wall, and if the current 
is fairly strong a very pretty play of muscular contractions is produced. 
These are entin paintess. With this application the patient has « 
high-potential charge, and will receive rather a disagreeable spark if 
another person or any rod conductor touches hin. The YaCculin 
electrode must be kept In close contact with the skin La Prevent cliss- 
greeable sparks. The strength of the secondary current from the z-ra¢ 
coll should be sufficient to spark across a 3-inch gap, and the poles 
of the coil should be placed 3 inches apart if the limbs ire being 
treated, or 4 inch apart if the current is to be applied to the gums or 
in the nose. The distance between the poles reculates the strength 
of the application in accordance with the Srnsitiveness of the part. 
The author has had especial success with this method in infantile 
paralysis, constipation, and chronic neuralgie affections. 

Or, in another way of producing muscular contractions, the d’Ar- 
sonval transformer may be used and two metal electrodes applied to the 
patient, one of which he may hold. A short air-fap is made in the 
circuit with the patient and powerful painless muscular contractions 
are excited (F. F. Strong). 

Local applications of high-frequency currents perhaps penetrate 
more deeply than other forms of electricity which are propagated to a 


| 
| 


at 


Ereat extent over the surface of the body. The deeper tissues share 
the heating effert of high-frequency currents. The activity of lymphatic 
and other glands is increased, and if the electrode is in the rectum the 
secretion of mucus in the rectum and bladder is increased. Thera- 
peutically, this acts as an active stimulant in tuberculosis and other 
chronic inflammations. Sometimes this application excites a move- 
ment of the bowels some hours later. It always produces a tonic effect 
upon the entire nervous. vascular, muscular, and secretory structures 
of the bladder, The same effect is perceptible about the external gen- 
Itals and Vigorous erections are produced. | 

If applied through the clothes, underclothes, or bandages the dis- 
charge from glass vacuum electrodes has much more spark effect. This 
Sometimes produces decided itching at the time of the application, but 
if the strength of the current has not been too Freat, and the clothing 
has been quite thin, this sensation quickly disappears. The current 
may be applied with good results even in the case of a limb all bandaged 
up for gouty eczema. Too long or too strong an application, or one 
continued too long without moving the vacuum electrode from one 
place ‘Oo another, or with too much spark effect, will produce redness 
and itching of the skin which may be quite unpleasant. 
., A proper application produces some superficial anesthesia and dimin- 
thes the electric excitability of near-by museles and nerves. With the 
temporary local hyperemia there is a consequent tonic effect upon the 
Walls of the blood-vessels, which makes it a successful application In 
phlebitis and Varicose veins. 

High-frequeney currents act upon chronic inflammation as a power- 
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the abdomen high-frequency currents stimulats rast ric 
testing Pers lass. | 
Most of the general systemic effects may be produced br the appli- 
CAaALION OF ' ; i 


uum clectrimies over a considerable portion of the body, anc, 


Lac 
providing the current passing through the vacuum electrode is strone 
ne 


enough, it scems to make little difference whether the patient is holding 
a metallic electrode trom the other pole of the d’Arsonval or whether 
it ts entirely unipolar from the Oudin apparatus. 

Effect of Local Applications of d’ Arsonral Currents.—These may he 
made by direct metallic contact, as by metallic electrodes, from the two 
terminals of the small s Hlenond, and in that case the effects are the same 
as from the general application, with an additional local analgesic, resol- 
vent, vasomotor, and trophic effect. ? 

Inefire ri APN icaiLens in¢elucke those ot sparks or cfhluve anil thoze by 
vacuum and condenser electrodes. Their effect is both local and general. 
The general effect 1s partly the same as that from general applications, 
lowering arterial tension (except when glass vacuum electrodes are 
passed lightly up and down the spme with an adjustment of apparatus 
producing great spark effect) and stimulating metabolism and similar 
effects, but it has also an effect due to local congestion and a conse- 
quent reflex influence upon every organ in the body. It gives origin 
to a change in the chemic and physical state of the blood which affects 
the protoplasm of the red and white blood cells, whose exchanges become 
more rapid, and to changes in the blood-plasma. aa 

Toxic or inflammatory products are more quickly eliminated. 

The local effect of local indirect applications of d’Arsonval currents 
is important. It differs considerably according to the method of 
application. A glass vacuum electrode, making a roo contact with 
the surface of the skin or with anv of the mucous membranes, while a 
good contact is made with a metallic electrode from the other pole of 
the d’Arsonval apparatus, produces no sensation but that of warmth 
if a current of moderate strength is passing through the patient, lol) ma. 
for instance. But this seems to have a cumulative effect, and the 
vacuum electrode becomes uncomfortably hot after being used in the 
rectum for more than five minutes. Rubbed rapidly over the surface 
with powder to insure a rood contact, a much stronger current may be 
used] without discomfort from heat except in sensitive regions like ie 
face. The glass becomes quite hot, however, and fatty material, de- 
rived from the skin and mixed with the powder employed, forms a white 
erust on the surface of the glass almost as hard as enamel and requirihg 
soap and hot water to remove it. The skin becomes somewhat oe 
dened from an application of a strong current of 200 ma.or more. — fae 
character of the application may be varied somewhat, Phe pr ad: 
of milliamperes may be increased without changing the voltage © tr 
eurrent through the patient by using a stronger current in Se pa 
of the induetion-coll, The voltage may be Increase indepen , ntly 
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development. 

The local effect of elass vacuum electrodes, connected with the d’Ar- 
conval apparatus with the current adjusted so as to give the greatest 
anark effect and very little amperage, is the same as if it were connected 
with the Oudin rezonator, but it will be described here for convenience 
A small vacuum electrode, } inch in diameter, held near one spot for 
a few seconds applies a shower of fine sparks, which anesthetizes the 
skin to such an extent that a more severe application does not cause 
pain, and even slight operations could be performed. Holding the glass 
electrode close to the skin or im contact with it the sparks are more 
severe, and presently the skin turns white, and a few mimutes later a 
zone of intense redness forms around the white area. It takes only a 
minute's application at the same spot with the strongest discharge to 
eause local superficial destruction. The subsequent course 1s for a sort 
of pus blister to form, looking lke a vaccination pustule. This gradually 
changes to a dry scab, which leaves no sear if the application has been 
comparatively mild, as for treating a wart, or quite a distinct sear if It 
has been severe, as for the dest ruction of an epithelioma. A larger 
vacuum ¢clectrode, which may be applied to a surface 1 or 2 inches m 
diameter, may be passed quickly over the surface without making 
very close contact, and produces with this high-tension discharge 
hyperemia of the surface and a counterirritant effect, and an effect 
upon painful merves which may not be desirable in certain cases; it 
scems to “key them up.” The skin may even be made somewhat 
red and rough by too frequently repeated applications with too great 
a spark efiect. The applicat Ion if a powerful resolvent and ant iphleg- 
masic and usually relieves pain. | 
_ The Effect of the Violet and Ultraviolet Radiations from the Glass 
Vacuum Electrodes.—Visible light is produced by the passage of a cur- 
rent of electricity through a tube exhausted to about ;g4y,: atmosphere. 
The color varies with the exact degree of vacuum. Some of these tubes 
are filled with a beautiful blue, lilac, or violet color, and in some 
there are also patches of the apple-green color which indicates the 
presence of an appreciable amount of z-rav. The visible light from 
one of the vacuum electrodes has no demonstrable physiologic or 
therapeutic effect, 

The passage of the current through the partial vacuum, and especially 
through the air between different parts of the tube and the patient 
(for minute sparks may be seen passing along the outside of the tube 
from parts not in contact with the patient), produces ultraviolet radia- 
fiona sufficient to cause fluoroseence in a piece of Willemite held near 
the tube in a dork room. The ultraviolet ray thus produced has its 
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the surtace of the badly for ten or twelve minutes 


1 ozone gas for that length of time. It is absorbed 

iv Just as carbonic acid gas is absorbed from bathing in water 

Its general effect is that of ozone inhalations, 

processes of oxilation in the blood and every other tissue. 
i 


that ons 


renous substances are completely oxidized and leave the svyatem 
urea. Instead of being mcompletely oxidized to form uric acid. some 
of which would be eliminated, but some of which would form an irritant 
deposit in the jomts or nerves. The odor which i noticed upon the 
patient, and which may even cling to his clothes for several hours. is 
chiefly that of nitrous acid produced at the same time as the ozone. 
This acid may play some part In the effect produced by the applica- 
tion. Vacuoles or cavities filled with ozone may be found in the tissues 
directly subjected to this treatment. 

In addition to the effects desembed the glass vacuum-clectrode 
application has other effects which are dependent upon the nature of 
the currents which it transmits. These may be either those of the low- 
tension high-frequency type, called d’Arsonval currents, or the high- 
tension high-frequency currents, of which the Oudin resonator yields 
an excellent example, or the current from a static machine, or the cur- 
rent produced by one pole of a Tesla coil. These are the types of 
current which are most often applied by means of the vacuum elec- 
trodes, and they have quite different effects, especially upon the general 
system. | 

Systemic Effects of High-frequency Currents. — Erperiments 
Showing the Effect of High-frequency Currents on Animals.—D' Arson- 
val’s experiments! showed in a general way that high-frequency cur- 
rents caused the blood-vessels in a rabbit's ear to dilate at first and 
then to contract and remain so, also that the general blood-pressure 
was first reduced and then increased. 

Carvalle? found no effect from the autoconduction cage, but that 
there was an effect from the application of the currents directly to the 
skin. Strong currents cause sensation and a motor reaction and a fall 
in blood-pressure. ; eh 

Boedeker used the apparatus already desenbed as the German ar- 
rangement. He found no effect from the autoconduction cage. but a 
decided effect from a direct Syplicabon co. skin, a primary phase of 
Vasomotor contraction and increased blood-pressure. SE 

According to Doumer,? of Lille, France, the effect of high-frequency 
currents on the cella is the piace mente one, and this can be demon- 
Strated on vegetable as well as animal ceils. ee o's 

pepsi i Upon the Effect of High-frequency Currents Applied 

' i - ee : 7; Dp. ale. F 
P 10H Satie tag Midi. ‘Conetta ress, Paris, 1900, section on Physics and 

sins. 6. 190. 
My Le Radkarn, Hept. 15, 1905, p. 302. 





inl pressure 1 
leases such as cdinbetes, from a lo al action of electrodes 
he hands and connected with the small solenoid. Some patients 
naterial fall and others a material mse in blood-pressure 

r found that sparks from an Oudin resonator applied along 

produced a very rapid mse in blood-pressure, amounting to 

5.6.7, oreven 8 cm. of mercury. These and static sparks along the 

spine are the best methods of treatment for neurasthenia with hypo 
tension 

Doumer and Oudin find that high-frequency high-tension sparks 

turn the skin white, and that this i succeeded bY an erythematous 

blush which may last for hours. The author has observed this especially 

in cases where high-frequency and high-potential sparks are applied 

from a metallic electrode, as for the destruction of epithehoma, but 

in these cases there 1s apt to be a central pure white area where the 

sparks have been applied, surrounded by a zone of intense redness. 

According to Oudim's observations, an application of the high-fre- 

quency high-tension effluve to any portion of the body produces an 

almost instantaneous vasomotor spasm which suppresses the capillary 

pulse in the hand. When the application is stopped the capillary 

pulse gradually regains tts original amplitude through a series of oscil- 
lations. 


The monopolar efluve of high-frequency currents mereases arterial 
tension". 


THE EFFECT OF GENERAL APPLICATIONS OF HIGH-FREQUENCY CURRENTS 

Effects of General d’Arsonvalization.—<A current of 600 to 1000 
ma. from direct metallic contact or by induction traverses the body, often 
without any sensation and always without pain. Equally strong cur- 
rents from vacuum electrodes or spark electrodes or effluvers, or from 
condenser clectrodes or autocondensation pads or couches acting as 
such, may give rise to sparks which are anesthetizing or painful or 
cauterizing or destructive, according to their size and the length of 
time during which they are applied to one spot. There is a sensation 
of warmth in the hands from holding the metal electrodes in autocon- 
densation. 

There are increased tissue changes, more rapid oxidation, more 
rapid reduction of the oxvhemoglobin in the blood, increased elimina- 
tion of waste products in the urine. The effect is due to an action 
upon the great sympathetic nerves controlling vasomotor, secretory, 
thermogenetic, ancl peristaltic functions. The general applications 
have littl: or no effect upon the central nervous system controlling 
sensation and voluntary movement. It has special effects upon the 
protoplasm of tissue-cella everywhere, increasing the rapidity of their 
natural chemie changes, and special effects on bacteria and ferments 
and animal poisons. 

_ There is a soothing effect upon any painful condition, and sometimes 
this may be accompanied by slight drowsiness. Sometimes, however, 

' Albert Weill, Le Radium, Sept, 15, 1905, p. 302. 
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| ctofl digitalis upon the blood-pressure, aceordd- 
the obaeriy sal lon= of Czvhiar or! He found that when an infusion of 
“ Ms Is aiven to individuals with normal circulatory apparatus in 
tities equal to that administered to persons with valvular disegse 
fm no Increase in the blood-pm Sire or in the amoimnt of urine 
excreted In cases of rheumatism. rout, asthma, and kidnev disease. 
and in neurasthenia with high arterial tension the application of hich- 
frequency currents causes a reduction of the blood-pressure, The 
autoconduction cage has been found more effective in this way than 
rhe autocondensation eouch or the application by Yacuum electrodes, 
but any method will produce the desired effect. This reduction ic 
progressive from one treatment to another and oceurs even In cases of 
arteriosclerosis, for which high-frequency currents are an excellent 
treatment. The observations of Moutier and ChallameF show that 
a reduction of 5 to 9 centimeters of mercurial pressure takes place after 
the first treatment with the cage in cases of high arterial tension. Five 
centimeters is the maximum reduction from a single treatment with 
the couch. | 
In cases of defective metabolism we find increased oxidation produced 
by high-frequency currents. In gout and rheumatism the urine con- 
tains an increased amount of urea, while the urie acid disappears. In 
other words, the nitrogenous matter becomes more completely oxidized 
in the system. And this effect is not a temporary, but a permanent 
one of increased tissue activity. The energy 1s so great that it produces 
& tonic effect upon any person within 10 feet of the apparatus. The 
present author enjoyed extraordinarily vigorous health during the four 
or five years following the introduction of these currents, in spite of 
the fact that the nature of the work confined him to the office practi- 
cally all day, winter and summer. au 
The oxygen-carrying capacity of the hemoglobin of the blood is 
Increased as well as the amount of hemoglobin. The human output 
of carbon dioxid is sometimes increased from 17 to 37 liters per hour, 
and there may be an increase in heat production from #9 to 127 calories 
per hour. The bodily temperature does not vary more than a small 
fraction of a centigrade degree (d’Arsonval). a 
The amount of phosphoric acid in the urine is increased. The 
toxicity of the urine is increased. There is an increased elimination 
of CO,. ae 
The application is apparently innocuous, and there are no special 
contraindications, except that perhaps it is less likely to be of benefit in 
fry te inflammatory conditions than elsewhere. Ane it 1 but fair to 
ttate the belief of some observers that it is likely to precipitate an 
acute attack of gout, though this appears very doubtful. The suthor 
has used it successfully in the treatment of acute attacks, 
' Wiener klinisehe Rundsthau, April 15, 1900. i 
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an in the temperature in the mouth which occurs durit r the appli- 


ation of high-frequency currents. This increase amounts to irom 

to 1° F.. and has been venfied I Lacomte. benoit. cd’Areonval. 
Wertheim Salomonson. and others. Various explanations are offered: 
Somerville Saves “this rise of iemperature Ls undoubted! due to the 


action ol hich-fn queney currents on the VRSOTMOLGT = ster, which under 
the influence of the current permits of increase peripheral circulation.” 

There is a dilatation of the deeper vessels also. This undoubtedly 
explams why the sphygmometer pressure is lowered. Somerville 
shows alsin that the emission of heat trom the body Ix ine re ‘aera There 
is probably an increased production of heat, and this is accounted for 
yy Salomonson on a purely physical basis. 

These high-frequency currents of high voltage and amperage 
can heat the filaments of electric lamps through which they iis to 
iIncandescence, and it is evident that they pan luce a certain thermic 
effect in passing through a conductor as resistant as the human body. 
Wertheim Salomonson regards this as offering a sufficient explanation 
of the rise of temperature which is observed. — 

He thinks that the diminution of arterial tension and a part of the 
reneral curative effects of high-frequency currents depends upon this 
production of heat in the body either locally or generally. These 
observations apply to bipolar applications from electrodes directly in 
contact with the body, to the condenser couch. and to monopolar appli- 
cations with the Qudin resonator. He does not think that they apply 
to the action of the effluve or of the condenser electrode, 

Observations Upon the Effect of High-frequency Currents in 
Patients with High Arterial Tension.—The apparatus used in many 
of Moutier’s cases was a “inch induction-coil with a mechanic in- 
terrupter, a Gaiffe plate condenser with petroleum oil msulation, and 
an autoconduction eage. At the first treatment the blood-pressure was 
lowered > 4.5. & or even 9 cm. of mercury, and in a few [Treatments 
the blood-pressure was always reduced to normal, about 15 em., where 
it would remain for several weeks. 

Challamel has found that the pressure may even be reduced to 
subnormal, 11 em. | 

Gay has obtained the same beneficial results from the use of the 
autoconduetion cage in cases of neurasthenia with high arterial tension. 

“idon in 5 cases not subjected to any dietary regimen: Doumer 
and Maes in a case of Parkinson's disease and Legendre in a case of 
cryesthesia, and many other French authors have obtained the same 
reduction in arterial tension, 

Boedeker and other German authors have not obtained the same 
results. Generally, in fact, there has been an increase in arterial 
tension, which was very marked in some cases and averaged 5 em. 


of mercury. This increased blood-pressure disappears after about 


twelve minutes. 
' Medical Flectrology and Radiology, May, 108. 
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autoconduction cage is contraindicated for 


eascs hvsteric anemia, debility, senile rheumat con 


$, anemia, and chloro-anemia. Some of these 
‘aor vertigo and depression. 
| Mi nany patients with different diseases ex peri- 
8 ‘eAtion, WN hile others notice a prickling sensation or that the 
eis it And others feel a little vertico OF sense of slierht iIntoxien- 


rie treatment, 
OUTLET Notices ifat patients with low arterial tension feel badly 
5 ats I by Rie autoconduction cage, ari consequently patients with 
lithiasis and hypotension requiring high-frequency treatment should 
receive this in the form of sparks applied along the spine. This tends 
to raize the blood-pressure 
Patients with hypertension treated by the autoconduction cage 
sometimes notice slight formication, sometimes a decided feeling of 
well-being, but generally no sensation at all. : 
The pulse rate is but slightly affected. 
The enlarged heart in old cases of hypertension becomes smaller. 
Cases in the hospital and on a strict diet of bread and milk often 
have a normal arterial tension after three treatments in the autocon- 
duction cage. The rapidity of the results is usually proportional, not 
to the severity or the duration of the disease, but to the hygiene of 
the patients. The results are equally good in cases where a strict diet 
without high-frequency treatment has proved unavailing. 
Experiments have been reported by Josué, Loeper, and Josserand 
upon animals whose arteries have been made atheromatous by long- 
continued high arterial tension from repeated injections of adrenalin. 
High arterial tension seems to be the 
cause of the arteriosclerosis which follows. — Secanatary of Induction cor 
Aut oconduction of high-frequency cur- (MMVIII MOOI OOD 
rents affords the best means of treating ayarre | 
arteriosclerosis by removing its cause, Tee. =i Snea 
high arterial tension. TOOT HOI OT 
Effect of Applications of High-frequency 
Currents in Arterial Hypertension.—The , _ 
author's customary method is by the 21" 
use of an autocondensation pad (Fig. ; dct | 
360). The spark-gap is between the miner Fig. 360.—d'Areonval high-fre- 
armatures of the two condensers, which quency currents applied by suto- 
are also connected with the BeCOnC aT condensation pads 
terminals of a 12-inch induction-coil. : = 
small solenoid connects the outer armatures, and from two tums = 
this solenoid wires pass to two separate sheets of metal, one. ; 
on the seat and the other on the back of a chair. Sheets of heavy 
indurated fiber insulate the patient from the patie * lenin ae 
meter shows the strength of the current in one of. the: wires acing 
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marked and less constant +) Even with a suitable regimen high- 


uency currents do not surely prevent the bad effects of arteriosclero- 
1) There does not seem to be a marked reduction in capillary 
lood-pressure, but there 1s a decided increase m the amplitude of the 


ah] 


eapillary pulse. (5) The best climecal results in high arterial tension 
are apparent in patients who can be classed under the general heading 
of congestion (arthritic, gouty, arteniosclerotic, ete.). (6) Benefit does 
not alone depend upon an cffect on the blood-pressure, but perhaps 
more upon an effect on general nutrition and the ummary climimation. 
The modification in the capillary pulse produces a better aeration in the 
lungs. a more marked elimination of carbonite acid, and a more active 
fixation of oxygen by the blood. This increases the rapidity of the 
exchanges and the activity of thermogenesis. Toxins are more com- 
pletely eliminated. 

Doumer’s Results with a Measured Electromagnetic Field in the 
Autoconduction Cage.—Believing that differences in clinical results 
may follow differences in the strength of the field in which the patient 
is placed, he regulates his apparatus so as to produce in every case a field 
of 506,000 Gauss. (Moutter’s field averages 100,000 Gauss.) The 
meter for this observation is placed in view inside the autoconduction 
cage. The necessity for such a meter lies in the fact that the strength 
of the field varies with different apparatus, and even with the same 
apparatus if the interrupter or the spark-gap acts a little differently. 
He uses a 12-inch induction-coil as the source of his power and plate 
condensers Immersed in oil. 

All four patients reported upon? showed a steady improvement 
from a blood-pressure of 27. 26.5, 29.75, and 26 mm. of mercury respec- 
tvely to 13.5, 16, 17.75, and 16mm. The treatment lasted ten minutes, 
and was given daily, and from three to fifteen treatments were required. 
The blood-pressure remained normal after the treatments were discon- 
tinued. One patient had a large hydrocele, which disappeared during 
the course of treatment without anv direct appli ‘ations or local treat- 
ment at all. ; 

_ Some observers have found that the same currents applied in cases 
of hypotension increase the arterial tension, but the higher tension 
applications from the Oudin resonator are more effective in this direction. 

Arch. d'Flectricitée Med., July 10, 1907. 
7Thid., July 25, 1006, p, 556. 
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fan 5 \ wos | if Bt ir "ay |? j 
icy,' Apostoli and Berlioz, Reale and 


Created numerous cases of cinbetes hy Approxi- 
‘ ‘ 27 & 


Oo be deseribed. he secondary terminals of an 


‘connected with the internal armatures of two conden- 
aoa a Gant 1, between the latter, Phe outer ATTOACUICS Are 
ee i 4 SIA Solenoid, from two turns of which wires lead. one 

meta electrode held im the patient’s hand and the other to « toot 
plate or foot-bath making contact with the patient's foot (Fig. 361. 

Very one of the authors cited report > } 
uniformly beneficial effects upon the  CSrcawtry of fmotecfisn cost 
pane - ‘general condition, Wh hether the NOOO DOOD A COON 
sugar disappears from the urme or not. 
In most cases the sucar was markedly re- ) 
duced in SIMOUnt and FA several cases it 
entirely disappeared. The treatments 
usually lasted ten minutes, and were piven 
every day for ten or twenty days. 

Autoconduction cage treatment did . | 
not lead to a disappearance of the sugar Fig. 361 —D' Arsonval high-fre- 
in four cases reported by Vinaj and quency currents applied by two 
Viette. electrodes for diabetes. 

Cohn also finds that high-frequency applications do not modify 
the amount of sugar. | 

Boedeker, using an apparatus with the spark-gap between the 
external armatures, the German method (Fig. 337, p. 552), found that 
high-frequency currents did not change the amount of sugar, but did 
very markedly improve the general health. In one case of diabetes 
there was aaa acetonuria, which completely disappeared dunng 
a course of high-frequency treatments, but returned after the treat- 
ments were stopped. | : 

Denovés has obtained excellent results as to general health in cases 
treated by the autoconduction cage, but the circumstances of the 
patients as to diet, ete., were such that the effect upon the sugar could 
not be determined. ee: 

Cases of diabetes treated by the author have shown a reduction in the 
amount of sugar from 2700 grains (180 grams) per diem to a mere trace, 
and this has been associated with a very great improvement In gener 
health. The treatment has been by the application of a glass vacuum 
electrode over the abdomen, the current being a unipolar high-frequency 
high-tension discharge from the Oudin resonator (Fig. 362). Applications 
of the z-ray have been made over the region of the pancreas and liver, 

Other Effects of High-frequency Currents.—Capillary vasovon- 
strietion is most marked when the high-frequency high-tension efluve 
aici - are apples: lo a part “e the body symmetric with that in 
whieh the capillary pulse is studied. . ee : 

The Fe age blood-pressure produced by d'Arsonvalization pi] 

! Memoires de la Societe de biologic, July 31, 1897. 
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$62—Application of high-frequeney current for diabetes. Glass vncuum clectrode 
from Oudin resonator 


high-frequency treatment, especially when combined with the z-ray, 
have bee nl excellent. 

The current employed in the following case treated by the author 
Was not z high frequency but i vibratory CUrTent, having a similar 
therapeutic effect in this class of cases. The patient was an old woman 
at St. Bartholomew's Clinic, who had unidle rrone Af operation for 
extensive tuberculosis of the dorsal! vertebra: seven months previously. 
4. discharging sinus still remained, and th rough it the probe found an 
extensive aren. of softened bone, The treatment consisted in the 
application of about one Holzknecht unit of rays No, 5 5 Benoist from 
a =-Fa¥ tube placed at a distance of 10 inches from the anticathode to 
the skin twice a week, On the anne days a, aml alezo on one other day 
each week, a vacuum electrode connected with one pole of the x-ray 
eo) wis applied all over the affected area for about ten minutes. The 
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inal cord of course had to be considered in determining 
use the x-ray in this case, and 1t certainly would not have been 
continue its use for any great penod of time. In such conditions 
. bones it seems as if the beneficial effect was in the nature of an 
mecreased action by the tissues, resulting in the molecular removal of 
the diseased parts, and healing by some such process as takes place 
normally after the occurrence of a simple abscess of the soft parts. 
The z-ray and high-frequency currents are indicated In many cases of 
bone tuberculosis with sinus which are not in a condition requiring im- 
mediate operation or which have persisted after an operation. The same 
combination 1 of benefit m some cases of tubercular jomt disease, 
probably most often im cases characterized by pain and stiffness with- 
out much serous effusion. The application would be similar to that 
descnbed for tuberculosis of the spine, but the z-ray should be applied 
a little longer or a little stronger with a view to producing a slight 
cutaneous reaction. Especial care should be taken in applying the 
tray, however, not to produce an ulcerative dermatitis. 
High-frequency Currents in Heart Disease.—A condenser electrode 
from the d’Arsonval transformer may be applied over the region of the 
heart im organic heart disease without arteriosclerosis. It generally 
gives good results, and even reduces cardiac dilatation. 
_ Young persons with hypertension and presclerotic patients are 
benefited by general d’Arsonvalization. There is a lowered blood- 
pressure without any change in the pulse rate. The general symptoms 
improve, 
High-frequency Currents in Gynecologic Cases.—Leukorrhea 
and cervical erosions yield readily to the application of a vaginal vacuum 


Fig. 303.—Vaginal electrode of glass for high-frequency currents. 


electrode, connected with the Oudin resonator or the d'Arsonval trans- 
former. If the latter is used the patient holds the other metal electrode 
in her hand. If the Oudin is used the patient is connected with only 
one electrode, In cither case the electrode should be large enough to 
fill the vagina and it need not have an insulated (double walled) stem. 
The current should be 150 milliamperes, and should be applied for 
Len or fifteen minutes with intermissions to allow the pestrode to cool, 
A certain amount of massage is often beneficial, and this may be pro- 
duced by moving the electrode in various directions, The treatments _ 
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the application should last about ten minutes and be repeated onee 


or twice f a static machine ts used the application will probably 
have tn ba att ane Fil] available strength, but with | col it ahoulel he 
rerulated so that a current of about 150 milliamper 4 shall | through 
the copper clectrode. The cases required only two or three treatments, 
and in all three reported the effect appears to have been permanent 
Other observers have noticed an uncertainty about this effect in different 
cases, and still others ( Apostol and the present author) have noticed 
a well-marked emmenagogue action from high-frequency currents. 
This may not be the Case, however, when applied in the cavity of the 
Wiens 

Pelric Exudates.—These cases can very often be saved from an 
operation by this treatment. The vacuum electrode has an insulated 
stem, and the portion from which the current emerges is about 4 
inches long and @ inch in diameter. No speculum is required, the tip 
of the electrode being pushed up into the vaginal fornix as close as 
possible to the lesion, and then a current of 150 milliamperes is turned 
on. This may be a unipolar application from the Oudin, or, if from 
the d'Arsonval, the patient must hold the other electrode. After five 
minutes’ vaginal treatment a similar application of 200 milliamperes 
Is made over the lower part of the abdomen for ten or fifteen minutes. 
Powder is used to secure a good contact and allow the vacuum elec- 
trode to be moved rapidly over the surface without sparking. The 
painful area is especially treated. Relief of pain and improvement 
in strength are very prompt, and some wecks later the gynecologist is 
able to see the difference produced locally. It seems probable that 
this is the best electric application for these cases, and the author has 
cured some which had persisted after operation and all kinds of medicinal 
applications. 

Sterviiiy.—The author suggests the use of high-frequency currents 
in cases in which there is no assignable cause for sterility or in which 
the supposed cause has been removed by surgical measures. It stimu- 
lates not only uterine and ovarian functions but also acts as a tonic 
upon the whole system. The large uninsulated vaginal vacuum electrode 
should be used with a current of 150 milliamperes for ten minutes 
three times a week. He has seen this treatment followed by the prompt 
eecurrence of conception, 

Versions and fleriona of the type which will yield to manual 
manipulation should find in high-frequeney currents a most valuable 
aljunct to the other treatment by manipulation and tampons, ete. 


gos, hnchon-Villeplée, Hulletin Officiel de ta Societé francaise d'electricité, Feb, 
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This disease is favorably influenced by general d'Ar- 


Lutocondensation for ten minutes at a trenat- 

and | lin for twelve to one hundred and twenty-five treat- 

ts, extending over periods of from one to twenty-four months, has 

ported as u iformly successful m cases dependent Upon con- 

of the artenoles and capillaries,' (4503 dependent upon trmo- 

changes consequent upon arte nial thrombosts or other obliteration 

ive good results if treated by high-tension high-frequency effluves or 

Ane sparks. The glass vacuum electrodes with an Oudim resonator 
ake an excellent means of application. 

Prognosis.—The disease is an exceedingly grave one, causing loss of 
one or both limbs at successive levels. These newer methods of treat- 
nent have not been used in a sufficient number of cases to make it possi- 
le to say that they will cure every case, but the results have been so 
eood that thev should be faithfully persisted m. A careful differential 
diagnosis should be made with a view to selecting the best mode of 
application. 

Injuries and Diseases of Joints Treated by High-frequency Cur- 
rents.— The application of the Oudin resonator current by a glass vacuum 
electrode 1s useful in the subacute and chronic stage of all these cases. 
A remarkable example was the cure of a case of recurrent dislocation of 
the patella with chronic hvdrarthrosis.? The high-frequency applica- 
tion, known as thermopenetration (page 610), is especially effective in 
the treatment of gonorrheal arthritis and of gouty deposits about the 
joints. 

High-frequency Currents in the Treatment of Genito-urinary 
Diseases.—Chronic Orchitis or Epididymitis—The author has suc- 
eesefully treated cases of long-standing awelling due to injury The 
treatment has been by a combination of the z-ray and high-frequency 
currents, and care has been taken to shield the sound testis from the 
x-ray by z-ray metal. In the light of the recent discovery that the 
x-ray produces sterility by killing the spermatozoa a great deal of judg- 
ment i required in determining whether to use the r-ray a8 & part o 
the treatment. It certainly should not be applied in causes of a simple 
chronic inflammatory type. But in the more threatening cases, where 
the treatment may save the patient from an operation for the removal 
of the testis, the x-ray should certainly be combined with the high-fre- 
queney currents. The method of application is by exposure of the 
testis through «a hole in « large sheet of 2-ray metal, the tube beim 
at a distance of about 10 inches, rays No. 5 Benoist. With a 12-1ne 
coil, a Wehnelt interrupter, and the primary winding giving the greatest 
inductance, a primary current of 3 amperes and a current of 1 or 
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2 milliamperes passing through the z-ray tube the intensity. would be 


i Bulletin Officiel de la Soc, franc. d'clectrothérapie et de radiol., 1007, 
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ative and high-frequency CUITTeNntisS OF AN ClLlIMIDALIVE. Phe combination 


cases Were it not tor tie draw bai le mctntioned 


would be ideal in all thes 
above. and which makes it desirable In many cases to use the hirh-fre- 
quency currents alone. } | | 
i uberculosis anil coce;r of At part of Lae genilo-urinary fract are 
favorably influenced by high-frequency currents a3 an adjunct to 
r-ray treatment. The amount of pus and epithelial detritus which 
will be cotten nd of by a single combined treatment in a case of tuber- 
culosis of the bladder or kidney 15 astonishing, and the subsequent 
clearing of the unne and the relief of pain and the Improvement in 
regard to frequency of micturition are most gratifying. The vacuum 
electrode is applied over the kidney or bladder, as the case may be, and 
in the latter case a rectal electrode, either vacuum or of solid metal, is 
efficacious. A current of 150 to 200 milliamperes is to be apphed over 
the kidney; about 150 milliamperes over the bladder; the electrode is 
to be kept in motion; and the application is to last fifteen minutes 
three times a week. The current for rectal use is about 150 milliamperes 
with a vacuum electrode, and may be much stronger, up to 400 milliam- 
peres, with a metal electrode and d'Arsonval current. 
These two diseases, tuberculosis and cancer of the genito-urinary 

system, are further discussed in the section on z-ray treatment. 

_ Spasmodic stricture may often be cured by high-frequency currents. 
Either a rectal or a urethral electrode may be used. The latter may 
be either a glass vacuum electrode or an electrode consisting of a 


Fig. S4.—Vacuum electrode for applying high-frequency currents in the urethra. 


metal rod covered with hard rubber. The latter type gives a shower of 
fine sparks even when in contact with the mucous membrane. <A cur- 
rent of 100 milliamperes may be applied in the urethra for about five 
Minutes three times a week. The current should be interrupted occa- 
sionally to prevent the electrode from getting too hot, and some greasy 
lubricant, hike vaselin, is better than any of those which are soluble 
in Water. A lubricant of the latter character will sometimes be dried 
up by the heat of the current and it will be difficult or painful to remove 
the electrode, 

Gonorrhea.—High-frequency currents have so decided a bactericide 
effect in laboratory work that it is only natural that they should have 
been applied in the treatment of gonorrhea. Sudnik! treats such a 
tase by wrapping the penis in moist. absorbent cotton, over which is & 
sheet of zinc to which the current is conducted, or the penis is in & 

* Ann. d'Eleetrobiologie, vol. ii, p. 313, quoted by Freund. 
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most immediately, but the discharge persisting for a week 

Burdick’ has | reated obstinate cases of gonorrhea: (1) Due 
n pure culture; this yielded rapidly Lo treatment by a 
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ronococcus infection; did not yield to high-frequency currents, but 


ld to the F-TaAy applied =i strongly a8 to produce “h painful rear 
upon the mucous membrane. (3) Gonococc: mixed with tubercle 
“alli: high-frequency CUrren.s failed, An rather Te high VACUUM F-ray 
tube caused a cure in seven or eighi days In the female high-frequency 
currents from vacuum electrodes in the vagina sometimes caused a 
cure in two treatments. In a case treated by the present author the 
I-ray and high-frequency Currents proved ineffective against Fronococeh. 
The technic consisted in the application of rays No. 5 Benoist every 
three days, the length and strength of the applications bemg such as 
to just fall short of producing 4 reaction upon the skin; and the use 
of a urethral electrode connected with the Oudin resonator. The 
treatment was begun during the first week, and was continued for several 
weeks without causing the disappearance of the gonococci. It was 
noticeable, however, that the discharge and pain were very much dimin- 
ished by the first treatment, and never returned to any extent. The 
patient had had several previous attacks of gonorrhea. 1 | 
A better method, introduced by Sudnik,? employs the bipolar d’Ar- 
sonval current. <A metallic electrode is pressed against the perineum, 
and the wire from the other pole of the high-frequency apparatus is 
connected with a metal douche bag from which a urethral injection & 
given. The beneficial effects are independent of the nature of the fluid 
injected. A twenty-minute application is necessary, and it should be 
as strong as possible. Sudnik uses a 14-inch induction-coil and 4 large 
Leyden jars to excite his high-frequency apparatus. Sometimes im 
cases in which treatment is applied at the commencement of the dis- 
ease there are less discharge and shreds after the first treatment, but 
generally the improvement is gradual. | 
Fulguration in Papilloma of the Bladder —Leo Buerger and A. L.. 
Wolbarst? and Edwin Beer' were among the first to report the applica- 
tion of high-frequency sparks in the treatment of papilloma of the 
bladder. The applicator is passed through a cystoseope, and consists 
of a metal point at the end t a flexible shaft made up of 4 spiral spring 
covered with rubber tubing. The Oudin resonator Is adjusted to give 4} 
hot spark only £ inch long. ‘The applications last about five minutes 
for a large papilloma and only a few seconds for a tiny growth. 


‘New Albany Herald. | | 

* Journ, de Fhysiotherapy, July 15, 100. 

‘New York Medical Journal, Oct. 20, p. 854. ‘O11 
‘Surgical Section New York Academy of Medicine, Jan. 6, INT. 





ELECTRICITY LNT Reis rtikics 


hould be full of water during fulguration 
An instructive case 1 reported by (rane. A lacy of fifties 
: , _a 


IFeQue Ti: ANG Pall Fay] wurinat 


jonth= trom % 


cry ion 
The unne was alkaline andl : ontain 1) per cent. 


‘i, rat ner YaAcwul Te ae as ered i cf into the laced r cried 
” eurrent from the Oudin resonator applied for filteen minutes she 
slept nearly all nicht and could unnate without pain. Twenty tregt- 


\ a 
' 


i mternal aciministration of urot ropan ete tire] 


ments combined With if 


a complete cure. This Arrers with the author's CXpPenence In more 


; i = a. L_ tt ‘ oe ; +] wel Prt , hi | ae 
eerous bladder cases, in which the vacuum c¢lectroc 1S Dee mtr 


duced into the rectum or appled over the lower part of the abdomen. 


Fig. 365.—Doumer's rectal electrode. 


Prostatitis—Doumer reports most favorable rezults in 122 cases of 
acute, subacute, and chronic prostatitis, congestion of the prostate, and 
prostatitis with vesiculitis. One method employs a metallic electrode 
(Fig. 365), passed into the rectum a distance of about 2? inches, and 
connected with the Oudin resonator and the strongest current and 
rather long treatments, eight to twelve minutes. Another method b 
by means of an electrode with a glass sleeve (Fig. 366); care must be 


Fic. SR. — Bist ria eee trode with ot] ans ae, 


taken not to use a current strong enough to puncture the glass or to 
produce too great a sensation of warmth. Such an electrode may be 
connected with a resonator, but the latter should be reculated to pro- 
duce much less than its maximum discharge, effluve without sparks, 
and the applications should not be longer than three to six minutes. 
Morton wave-currents from a static machine, or similar currents from 
one pole of the d’Arsonval transformer while the patient holds an- 
other electrode, give results similar to those from the Oudin resonator, 
but are less convenient and are less agreeable to the patient. 

Application of the Anesthetic Effect of High-frequency Currents After 
Urethral Electrolysis.—The irritation from the latter treatment may be 
releved by the immediate use of a metallic sound connected with the 
Qudin resonator. 

Fienal and Hi pole Cafeuli.—General treatment by means of the 
dutoconmdensation couch or of the autoconduction ‘age, together with 
local applications of the effluve or vacuum electrodes from the Ov 

‘Jour. Amer. Med. Assoc, May 17, 1013. 
* Fort Wayne Medical Journal-Magazine, March, 1005. 
* Annales d'electrobiologic et de radiologic, Jan., 190%. 
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which 1s Very similar to that derived from a high Irequency 

r ; ] [t seems prob ible that high fr Quchey currents have some 

local beneficial action in the two Wis indented, but this Chnnot be 
regarded as definitely proved. 

Impotence High-frequency currents yield good results in many 
cases, although, of course, there are some which seem to be meurable. 
in example of the benefit to be obtained in even a bad case ig cited 
on page 592. The usual technic employs an Oudin resonator and a glass 
vacuum ¢lectrode applied successively to the serotum and penis and to 
the dorsal and lumbar regions of the spine and m the rectum. There is 
no other connect lon made with the pat int. He had better lie on his back 
during the application to the rectum and genitals and the current 
should be about 150 milliamperes. This should be applied for five 
minutes in the rectum and for about ten minutes over the genitals. 
At first no response may be evident, but after six or eight treatments 
vigorous erections are produced during the application. Along the 
spine the current may be of 200 milliamperes and with a certam amount 
of spark-effect and is contmued for ten minutes. The electrode is kept 
in constant motion over the genitals and along the spine, but need not 
be moved during the rectal application, but the current should be 
turned off two or three times to keep the rectal electrode from getting 

too hot. 

High-frequency Currents in Diseases of the Nervous System.— 
Neurasthenia with High Arterial Tenston.—According to Gay, ~ the 
presence in the blood of alimentary toxins—generally acid and with a 
vasoconstrictor effect—and the retention of extractive substances 
of the xantho-urie series will cause hypertension. Not only does urte 
acid cause functional hypertension, which may become permanent 
and result in arteriosclerosis or atheroma, but chronic lead- or tobaceo- 
poisoning, interstitial nephritis, retention of chlorids, and hyperactivity 
of the renal capsules, cause similar conditions, A temporary increase 
in blood-pressure oceurs before each menstrual period and at the 
InMenopaume.”’ es ae 

Five cases, published by Gidon,” of Caen, France, showed a perma- 
nent reduction of arterial tension from 24 down to 16 cm. of mercury. 
Added to this there was relief of all the subjective symptoms which 
patients had suffered from hypertension. The number of treatments 
required vanec| from five to sixteen and the method WS by autoconr 
duction. The Jirat patient was a man about forty, large anid gems 
corpulent, and a little eczematous, who suffered especially from museutar 
Weakness anid constant pseudo-asthmatie shortness of breath. : eat 
had treated him successfully with the high-tension effluve for differen 


Muti oy, d’Arsonval, ete. s ep 
» Annes Blodionle’ de Gaun, Deo, 1904, and Journal de Physiothérapic, March 
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erond patient showed a rapid fall in blood-pressure with only one 


treatment a week. He complained of a nervous diarrhea, spinal hy- 
peresthesia, and muscular weakness, especially in the mornme. He 
was a pseudoneurasthenie with hypertension. The diarrhea and the 
debility disappeared after the first treatment, and finally the spinal 
hyperesthesia was cured. The third patient received three treatments 
aweek. He was thin, on an insufficient dictary was constantly cevanotic. 
and had acute attacks of dyspnea at night. Walking was difficult on 
account of dvspnea, and the trouble seemed to have been broucht on 
originally by overexertion. There had been attacks of pulmonary 
congestion and of acute nephritis. The heart action was rapid and 
suggestive of Bmght’s disease and very arhythmic. Treatment was 
by autoconduction and benefited the arhythmia very much, caused the 
disappearance of cyanosis, and improved the dyspnea so that the man 
could walk rapidly for several minutes. The night attacks disappeared. 
The nature of the dietary, which was partly milk, was not changed 
during the treatment. The fourth patient was a man of sixty: bemi- 
plegic; had had two serious congestive attacks during the last two 
cas, and his high arterial tension evidently exposed him to the dancer 
of another. There was spastic paralysis of the arm and leg and nitense 
mental excitability, especially at night. The cerebral condition was 
improved from the moment the high-frequency treatment was begun. 
he spasmodic contractions were relieved and walking became much 
easier. Constipation was relieved. There was only one treatment 
a week. Diet was moderate AS to quantity, but unrestricted os tio 
nature. The fifth patient was a young man who was very stout and 
who persisted LT overindulgence aa to cliet. He Was routy, dyspneic, 
albuminuric, and had taken the cure at Vichy for attacks of severe 
hepatic trouble. He sought treatment on account of the rout, which 
was so bad that he could searcely walk. Autoconduction by means 
of @ cage connected with the d’Arsonval transformer was applied three 
times a week, together with the high-frequency effluve from the Oudin 
resonator over the painful icinti> anil a Pas sinusoidal applications. 
ast ee writ ue reduction in arterial tension until the thirteenth 
atment, but after that time the joints were so much relieved that 

mechanotherapy could be applied, and from that time the blood-pres- 
sure fell steadily to about normal, the patient became able to breathe 
easily and to walk well, and became seinen although still weighing 
over 22) pounds. His persistence in overeating was the cause of the 

slow reduction in arterig| pressure, 

_ Our knowledge of the value of high-frequeney currents in the treat- 

ment of neurasthenia with high arterial tension is largely due to the pub- 
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Pee Ruhmkart rah so te nia apparatus consisted 
* ap aa an a Wwe | a al 0 La INtCOmTupter, Condensers, and 
arge d Arsonval solenoid or autoconduction cage inside which the 
Mien Was PIAcCed., A pnimary current of 6 amperes and a secondary 
urrent of so0 to 100 milliamperes were used, and the application lasted 
wenty-Hve minutes every other day. Case 1: Man aged twenty-one, 
salesman, alcoholic ancestry, two brothers consumptive, himself a 
drinker and onanist. For six months he had suffered from a sensation 
oi oO vt leat wen helmet on his head and a general feeling of lack of at rength. 
Melancholia and tendency toward suicide. Well nourished and well 
ceve loped. No anomaly of sensation, tendon reflexes slightly exag- 
gerated, pupils normal, no Romberg SVTODCOM (difficulty of equilib- 
mum when the eves are closed). In ten treatments the following 
changes took place: pulse rate, from 70 to S0; blood-pressure, from 
160 to 120 millimeters of mercury; daily amount of urine, from 1300 
to 1600 ec.; chlorids, from 6 to 10 grams per liter; phosphates, normal 
before and after; sulphates the same; urea, from 12 to 16 grams per 
liter; urie acid, from 3 to 1.4%; grams per liter. The subjective symp- 
toms all improved. Case 2: The pulse rate changed from 50 to 72 
and the blood-pressure from 180 to 135 millimeters in fifteen treatments. 
Unie acid from 5 to 2 grams per liter and urea unchanged from 16 grams 
per liter. Similar changes were produced im all 12 eases, and in several 
Which he had an opportunity to see some months after treatment the 
Improvement had been permanent. 

A series of observations by Moutier and Challamel upon a large 
number of patients showed a reduction in blood-pressure of 30, 40, or 
20) millimeters after the first treatment by the autoconduction cage, 
and of only 15, 20, or 30 millimeters after the first treatment by the 
autocondensation couch. To verify this advantage of the cage over the 
couch they were able to obtain an additional reduction of 4, 15, 20, or 
39 millimeters by an application with the cage after reduction by the 
15, 1904, communication to the 


‘1. Arch. d'electricité medicale, No. 150, Sept. : ‘Arsonvalization.° 
Medical Congress at Grenoble. © Arterioselerosis treated by boat geennene 
2. Arch, d'electricité medicale, Feb. 15 and Sept. 15, 1903. 3. Pune 
thenia with arterial hypertension.” Communication to Cle Societé ery ey 
orr., semion of April 12, 1000. 4. “ Neurnst henia,”” communication to ie 
Medico-chirurgicale de Paris, seaaion of Oct. 28, 1901. 5. Zeitschrift [ir Elektro 

f 7 . FI # . a 
wet § anche ih dloatelalte adiaala, Mo, 162, March 25, 1005. ‘Comparison be- 
tween sutoconduction sod autocondensation in arterial hypertemaon, 

'7, Arch, d'electricité medicale, April 25, 105. 
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nich arterial tension he calls “ neurosthenin.”' 

7 the presence of this symptom calls for the application of high- 
frequency currents of comparatively low tension. The d’Arsonval 
SubOCOnUCTION cige and autocondensation couch are principally em- 
ployed (these have been described on page 52 7 


4), but other means 
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Fig. 267.—-The d'Aresonval trasaformer with «mall eolenoid. 


are also used. The patient may simply hold two metal electrodes 
connected with the terminal of the‘small solenoid of a d’Arsonval 
apparatus, or he may hold one metal electrode while the other electrode, 
which may be either metallic or a vacuum tube, is rubbed over the 
epigastrium and along the spine. Or two metallic plate electrodes 
may be placed, one over the spine and the other over the epigastrium. 
Ur, following the author's usual custom, the patient may sit upon a 
metal plate electrode, from which he is completely insulated by a thin 
sheet of indurated fiber, and may rest his back against a similarly insu- 
lated plate electrode. Each electrode is connected with the corres- 
ponding extremity of the d’Arsonval small solenoid. All the different 
methods produce the same oscillating currents in the body, either by 
direct conduction or by induction. The autoconduction cage has been 
more employed in Europe, but the other methods are more usual in 
America. Exactly which method should be selected depends Upon 
the nature of the case, especially upon whether some local effect 1 
desired, as well as the effect of lowering the general blood-pressure. 
_ The reduction in arterial tension under the application of d“Arsonval- 
ization is accompanied by a sensation of warmth beginning in the hands 
and gradually extending to the body and the lower extremities. Som- 
erville has shown that a thermometer held in the hand registers an 
increased surface temperature. At the same time, there IS an increased 
a a in the capillary pulse and diminished tension in the radial 
pulse. 

Paral ysis,.—In cases of motor paralysis the general theory of electro- 
sae A in the past has been to keep up the nutrition of the paralyzed 
muscles by causing them to contract under the influence of an electric 
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WITH cases of infantile paralysis, and with 
: paralysis from pressure and facial paralysis 
In thes cases the resulta have hae ry sic cea fy] Tl - 
for paralysis is made locally by glass vacuum elect Re 
' ; : Y ite : m cheectrodes 
al Over the affected muscles and over the spinal centers of the 
7 herve =. W ider observation will he required tn determine the 
, wivantages of the high-frequency current and the galvanic 
as : galvanotaradic currents. The Vacuum electrode may be connected 
airecs"y with one pole of an x-ray coil or is connected with the d’Arson- 
aval OF icin “Ap PETA CUS, A current of about 150 milliamperes should 
be used for about hiteen minutes three times a week. Among the cases 
of infantile paralysis may be mentioned one treated at St. Bartholo- 
news clinic. One poor little hand was crippled and about half the 
natural size, and the leg on that side was in the same condition. A 
few months’ treatment with a vacuum electrode connected directly 
with one pole of an z-ray coil brought the paralyzed arm and leg up 
to a size exceeding those of the normal limbs originally, and at the age 
of two and a half Vears the boy welrhed 40 pounds and was at rong 
and jolly. There remaimed an indefinable evidence of the previous 
trouble and the author does not know whether this has completely 
disappeared or not. Cases of longer standing with deformities, such 
as talipes equinus from contraction of the muscles opposed to the 
paralyzed ones, of course, require mechanic and surgical treatment 
in addition to the application of electricity, but the latter is a valuable 
adjunct. 
Paralysis Agitans (Parkinson's Disease).—Doumer and Maes' report 
a case very much benefited by autoconduction for five minutes prac- 
tically every day for five weeks. The patient was an old man of seventy- 
two with the classic symptoms. The arterial tension became normal 
and all symptoms disappeared. 
Epilepsy.—A combination of the z-ray and high-frequency currents 
as been used in the treatment of epilepsy, and the results reported 
by Branth? and Tracy’ show that a certain amount of benefit Is pro- 
duced. Tracy's figures show a percentage of tentative cures amountin 
to 25 per cent, in petit mal, 20) per cent. in Jacksonian epuleney, = 
12 per cent, in grand mal. In these cases bromids were also ike ‘peg 
tered. In a disease as inveterate as this, cures must be substantiat : 
hy prolonged freedom from recurrence, but the treatment Is be 
while. even if the benefit does not prove permanent, An x-ray tube ut uw 
a high vacuum No. 6 Benoist, an intensity of radiatlo ig elie oe 
and a moderate strength of current 1s pa with its anticat On . 
inches from the patient’s head and allowed to shine for five or ten 
minutes (1 or 2 Holzknecht units). After this, high-fre quency rea 
from a vacuum electrode connected either with the d’Arsonval trans- 
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ults have been eq ally good. A current of 150 milliamperes is applied 
for fifteen minutes along the spine and over the limbs, and while Dew 
der is used to enable the electrode to glide nicely over tho surface. a 
certain amount of spark-effect is desirable. This should not be sufficient 
to be disagreeable or to bring out little red points upon the skin. The 
treatments should be given three times a week. Improvement is rapid 
and uniform. This method may be recommended in any case. but the 
author does not mean to say that no other form of electricity would 
be as good in some cases, 
Locomotor Ataria.—The author has treated cases of this disease by 
a combination of the z-ray and high-frequency currents. Marked 
improvement has resulted, so that the patient's friends have stopped 
him on the street and asked him what treatment he was receiv ing; but 
whether a cure can be effected in suck cases remains to be seen. The 
improvement was especially noticeable in regard to the gait and the 
lightning pains. The girdle sensation persisted, but the lack of codrdi- 
nation was benefited, and in one case seen two years after the cessa- 
tion of treatment, the patient was able to perform the delicate 
Movemecnts requires l in shaving. The technie in these cases has been 
the application of x-rays, No. 6 or 7 Benoist, over the spine at the lower 
level of the scapula twice a week, of such a duration and intensity as 
will produce only the slightest redness of the skin after three weeks’ 
use, then discontinuing the use of the x-ray for three weeks and taking 
it up again in the same way. Vibratory currents were applied from a 
Vacuum electrode connected directly with one pole of the x-ray coil, 
the current being about 150 milliamperes, and some little spark-effect 
being used. This current was applied to the lower extremities and 
along the spine for fifteen minutes three times a week (on the same days 
as the z-ray, and one extra day each week). The only improvements 


‘In the treatment of epilepsy it is of the utmost importance to search for and 
remove any exciting causes. A case in point is that of a man of twenty-six, sent 
to me from the country with a history af having been wounded in the Spanish War, 
and having hac frequent epileptiform convulsions or chorea major since then. 
These came.on about every three weeks and usually followed some slight injury. 


Onee he had fallen off a bieycle. Another time he caught his finger in a com-wheel 
on the bieyele. During the convulsions he made frightful noes and foamed at the 
mouth, and it took from four to six good men to hold him, while it took the doetor 
two hours to get him under the influence of morphin and chloroform. After this 
he might wake up and recognize his friends, but more often he did not wake u 
until the next day. He hind been treated unsuccessfully by mixed bromide amd 
Was eent to the author for treatment, Examination showed a very tight prepu 
Under Which was on abundant white watery discharge, the glana being go 
honeyoombed by superficial ulcerations. A carcumelsion effected an instant . 





| ] | J LE : MF i. : . - = m2 
Lite FR} ee ed he | CTRRAE TS STF. | 


the wear of the 

y Current cf 

rina elert rowle 

f-TayY actually 

r, andl amounting to 

nh week The antieathacde of the tube te 


il, To Li CLT he ine Ups ‘| [n Tat x Tienced 


= z | 
“y, 


ahi Lhd rahi ik pln Ul on trer fhe spine li ia ne! 


hia pathologic changes can be produced in the ual cord 
which do not injure the skin, but at the same time it would 
lor one " ho Was not sure of the strength of ray produced by 
ratus to take the risk , 
he amd iN ured, The author has t reated| i FTCaAt MANY Cases 
ming under these headings. Usually the results are excellent anid 
ne IM prow Cn nt prompt. Occasionally a case will be found to experi- 
ence somewhat more pain after the first one or two applications and 
hen to do pertectly well. In other cases, after a reasonable tral. the 
hich-frequency currents may be abandoned and, as in certain cases of 
long-standing facial neuralgia, static electricity will effect an immediate 
cure, The z-ray has done great service m cases of pain about the face 
by enabling one to examine the condition of the teeth. the bones of the 
face, and their various pneumatic sinuses. Guided by this means, no 
time is wasted in treating by electricity a case in which an operation is 
the only proper thing. Such cases may be suppuration of the antrum 
or of the frontal smus, impacted teeth, abscess about the apex of the 
root of a tooth, an improper root-filling (msufficient or penetrating 
the tooth either at the side or the apex of the root), or a tumor, abscess, 
or evst of anv of the bones. The x-ray does not show the condition 
of the nerve directly, but enables us to exclude certain other lesions 
and narrow the diagnosis down to that of a painful affection of the 
nerve itself, This may have more or less of an anatomic basis, according 
tr whether the ese 1s one of neuritis or neuralgia. The method of 
application may have to be varied for different eases, the local applica- 
tion by the effluve or from a vacuum electrode being usually much 
more effective than the general application by autoconduction OF 
autocondensation. In this regard the high-frequency current differs 
from static electricity, a general application of which is often more 
effective than a loeal one In these cases. In many cases of Sciatica, 
lumbago, neuralgic pains in the face, neck, or limbs the aUthOF ae 
obtained excellent results from the direct 2. a of the ven 
electrode to the point of exit of the nerve and all over the painful area. 
These results have ensued whether there was just a single glass vacuum 
electrode connected directly with one pole of x-ray coil, or with the 
Qudin resonator (Fig. 368), or whether the d’Arsonval xanatorm= 
was used. With the last-named apparatus the patient holds a wien 
lie electrode in one hand while the glass electrode from the other Pe e 
of the apparatus is applied to the affected region. in any cease ied 
akin should he powdered and a current of =00) milliamperes OPP 4 
during fifteen minutes for sciatica, or 150 milliamperes during ee 
Minutes for trigeminal neuralgia. This should be given edebed*. ohite 
day. Two or three’ weeks usually sees the milder hs. The strength mngth 
those of long standing may take two or three months. Bars pi 
of current prescribed is that which actually passes through the gins 
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Fig. 365 Methcel af applying high-requency currents in trifacial neuralgia. 


choice in these cases, An extreme case is reported by Somerville, 
fl which ataNLA. museulsar weakness. “ariel “nest hes improved very 
muen under treatment by high-frequency currents. The trouble 
beran With NW ees aril weakness in one leg, causing the patient, 
twenty-one years old, to resign his position as a postman. In conse- 
quence of exposure in a rainstorm the condition became much worse 
and he was confined to bel with motor and sensory paralysis of both 
upper extremities, as well as hoth legs. The symptoms cid not inel- 
cate locomotor ataxia. but rather peripheral neuritis. There was no 
history of ay philis or of aleohol, On recovering from this Acute attack 
he was left with o staggering got and weakness in the limbs, and sensa- 
fon in the hands was Impaired, It is sometimes thought that high- 
frequency Currents succeed in neuralgic patients with depression andl 
are not 8oO good for those who sare nervous and excitable, The 
atement ia made that in some of the latter pationta the pain is agera- 
vated by this treatment. ‘The author does not find this to be the case 


Archives of the Kéntgen Itay, London, March, 1%, 
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SUT © Tor Cases with one oF more definite painful areas; while the 
other cases with general pain and weakness in an entire limb are treated 
by the slow sinusoidal current and four-cell bath. : | 

| Ve mrialg Bipolar eu lation from doublé resonators or double 
spirals may be followed by sparks from a monopolar Oudin resonator. 
\ method which has succeeded well in the author's hands has been by 
a al Fh Es vane electri die connected with a monopolar Oudin resonator. 
Phe vortage “ari ap ieee have to he carefully studied for ene h Pas 
| New algia of the Lumbar Plerus.—Heavy galvanie currents may 
he aed J 

High-frequency currents may be applied from the d’Arsonval 
transformer. The patient holds a metallic electrode while the wire 
from the other terminal leads to a plate electrode covered with wet 
POCO which Ls applied ta the limbar recon. (or the or | spss Vacuum 
electrode may be substituted for the moistened plate electrode. 

Carontc Sciatic Neuralgia.—This is by far the best application for 
these cases, Suitable methods of appheation are: 

1. Autocondensation for about five minutes, the patient sitting 
upon the insulating indurated fiber covering a sheet of metal while 
his hack rests against another. This the author follows by a mild or 
strong application of a glass vacuum electrode from the Guilleminot spiral 
along the course of the seiatic nerve and its branches. Whether to 
redden the skin or not is a question to be decided in each individual 
ease, but generally mild applications are the more beneficial. Five 
minutes is about the proper duration. Vibratory massage along the 
course of the nerve in the thigh is a desirable addition in some eases. 

2. A method recommended by Albert Weill employs first a bipolar 
effluve and then monopolar sparks. A large plate electrode from the 
pole of one of the resonators or spirals is directly in contact with the 
lumbar region, and a brush electrode or effluve is held near successive 
parts of the painful region until the latter is all reddened, This anes- 
thetizes the skin to a certain extent and prevents pain from the second 
part of the treatment. A series of large white monopolar sparks are 
applied along the nerve. These turn the skin white, but it s00n becomes 
vividly congested and the sciatic pain is immediately relieved and the 
patient able to walk better than he could. Some of the improvement 
persists until the next treatment. Applications are made at first 
every day, then three times a week, and a complete cure 1s to be 
expected, oA . 

Sciatic Neuritis.—The d’Arsonval apparatus is used, giving & bipo- 
lar high-frequency but comparatively low-tension discharge. One wire 
pisses to a sheet of lead or tin applied directly to the lumbar region 
and the other to a similar electrode fastened to the leg below the call. 
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When this condition occurs as a symptom of anv dix 


by such treatment. This happened in a case of gastric atony treated 
by the author. The application was by a vacuum electrode connected 
with the Oudin resonator, the electrode being passed over the abdomen 
and along the upper part of the dorsal region of the spine. But where 
insomnia is the chief symptom and almost constitutes a disease it is not 
always best to treat it by high-frequency currents. In any case the 
method of application must be carefully stuclied. Somerville WSN 
Gaiffe’s transformer and high-frequency apparatus with 800 to 1000 
milliamperes passing through the autocondensation couch, has succeeded 
with such cases after fifteen to thirty treatments. Drowsiness is not 
always one of the results of high-frequency currents and improvement 
in regard to sleeplessness comes as the result of a number of treatments. 
The application does not, like hypnotic drugs, induce an unnatural sleep, 
but rests and invigorates the patient, and so brings about natural 
sleep. Too long or too strong an application of high-frequency currents 
is liable to cause sleeps ‘SSTESS by its effect upon the circulation in the 
brain. The application of a glass vacuum electrode, with a current 
of 150 milliamperes, to the back of the neck and head for about five 
minutes will almost always have a reflex soothing effect. This will 
tend to produce sleep through an effect on the nervous system. 

Painful Conditions Not of Nerve Origin.—Pleurific pains are well 
treated by the glass electrode with 200 milliamperes from the Oudin 
resonator for ten minutes every other day. 

Painful flat-foot is one of the conditions in which the application 
by the vacuum electrode is of the greatest benefit. A current of 150 
milliamperes is applied for fifteen minutes to the foot and leg three 
times a week. The apparatus may be either the d’Arsonval trans- 
former or the Qudin resonator or the vacuum electrode may be connected 
directly with one pole of an z-ray coil. Powder should be used and 
only the slightest spark-effect allowed. There may be some advan- 
tage in using the d'Arsonval transformer and having the patient hold 
the other metallic electrode. In the author's cases this has seemed 
to produce a litthe more tonic effect than the unipolar ap lication. 

Flat-foot plates are, of course, a necessity in these cases. | hen the 
disease jx simply weakness, as shown by pain and the characteristic 
footprint, the combined electric treatment and mechanic support 
relieve these cases very promptly, and eventually effect a complete 
eure, but when the disease is of long duration and there is deformity 
of the bones a surgical operation may be necessary before electricity Is 


In which high-frequency currents are indicated, it is usually cured 


i Ilinois Medical Journal, June, 1005. 
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High-frequency Currents in the Treatment of Cicatricial and 
- i 


Fibrous Conditions.—fifsupwylret Contraco ihis ios condition 
ra in miadll advanced life and is due to a contraetion of 


to one OF More of the flexor tenclones 
level the hand, ane eapectally 

| ‘\ OF ©xtencd thi lingers Llered- 

cessfully by high-frequency currents and 

the fact that the trouble 1 not a contraction of the 

‘itis the proximal phalanx of the finger that ts flexed, and no 

r th hand wall Perl it to be extended. Then, Lenin, COT)= 

action of the tendon would not cause the prominence of the tendon 
which Is seen in these cases. A rheumatic or gouty tendency is usually 
found in such cases and sometimes neuritis of the ulnar nerve. The 
local condition is a chronic inflammatory process due to the systemic 
state. and bearing no distinct relation to the use which may be made 
of the hand in the patient's daily life. The role of high-frequency cur- 
rents in the treatment is to cure the constitutional tendency. A suitable 
application is made by rheans of the autoconduction cage or the auto- 
condensation couch, The author has more frequently used the vacuum 
electrode, applying a current of 150) to 200 over about a quarter of the 
surface of the body during fifteen minutes. The surface is powdered 
and the electrode kept in motion. The use of the tissue oscillator 
over the hips and lower part of the back for a couple of minutes is a most 
desirable addition. The galvanic current with negative electrolysis, 

using only a few milliamperes, has cured the local condition. 

High-frequency Currents in the Treatment of Certain Con- 
stitutioual Diseases.—/habeies.—Static electricity and high-frequency 
currents are both of value in diabetes, but should probably be hm- 
ited to cases in which metabolism is slowed. They may do harm in 
eases where there is exaggerated denutrition and the examination of 
the urme shows a nitrogenous coefficient higher than the normal. 
DeRenzi and others have seen the return of sugar caused by high- 
frequency applications in such cases. 

Conflicting reports have appeared in regard to the efficacy of the 
treatment in this disease. D’Arsonval reported 2 successful cases as 
long ago as 1896. Both feet rested in a bath to which one electrode 
went; and the other electrode, a forked one, was held by both hands. 
Apostoli, at the Twelfth International Medical Congress, reported 
success in over 500 cases. Autoconduction cages or autocondensation 
couches were used and the average number of treatments was twenty- 
five. Following Apostoli, several of his pupils and assistants have riot 
ported successful results. Some others who have succeeded with % sk 
Williams,” Allen,? anc the present author. On the other hand, Boe eker, 
Cohn, Loewy, Doumer,’ and more recently Halfon,’ have reported that 
high-frequency currents produced no reduction in the amount of urine. 
Freund (‘* Radiotherapy") does not express an opinion. 

The author knows that in certain cases the. sugar will not dis- 
appear, but believes that even in these cases the general strength 


‘Archives of Physiologic Therapy, February, 1005. . 

* High-frequency Currents in the Treatment of Some Diseases. 
"Radiotherapy, etc. a! 

‘ Annal, d'eleotrobiologie, wo, tit. 
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and this contamed 10 per cent. of Sugar. She had dis- 


abdominal symptoms consisting mostly of pain and diarrhea. 

Three weeks’ combined treatment by medicines and the z-ray and 
high-frequency currents reduced the amount of urine to 55 ounces a 
day and the sugar to less than | per cent., and the patie nt lett for her 
home im Porto Kico feeling entirely well Another similar case was 
that of a gentleman of fifty-five who had suffered from asthma and 
dyspnea for a month or two, and progressive and terrible emaciation 
and loss of strength. He had lost 25 pounds In Six weeks and the unne 
61 ounces a day) contained 10 per cent. of sugar, or 2751 grains per 
diem. He was so weak that his wife had to dress him, and he was 
apparently hurrying toward a fatal termination. In his case also the 
r-ray was used in conjunction with high-frequency currents, and the 
administration of arsenical preparations was continued. During 
the next two and a half weeks there was practically no loss of weight 
—only 4 pounds—and by the end of that time a change for the better 
set in. He began to gain welght and strength, and it was evident 
that his life was saved. After one or two weeks more of treatment 
by high-frequency currents without the z-ray he was again placed in 
the hands of his regular physician for treatment by static electricity, 
and made a good recovery. 

As indicated above, the French operators have generally made use 
of the methods of general electrification which employ the autocon- 
duction cage or the autocondensation couch, and if either of these are 
used a current of at least 500 milliamperes should be applied; and 
the séance should last fifteen or twenty minutes and be repeated ewery 
other day. The author’s own preference is for the r-ray, rays No. 5 
Benoist, applied over the abdomen twice a week with the anticathode 
13 mmches from the skin and the applications long and strong enough 
to produce some tanning of the skin in three weeks, but no redness. 
About half the normal! exposure desenibe dl on p. 1048 is suitable for 
these cases. The vibratory currents in both of the foregoing cases were 
applied by a vacuum electrode connected with one pole of an z-ray 
col, and a eurrent of about 200 milliamperes was applied over the 
abdomen and up and down the spine for about twenty minutes three 
times a week. The skin must be powdered to allow the clectrode to 
glide emoothly over the surface without sparking. The Oudin resona- 
tor is rather more convenient when as heavy a current as this is desired 
and will probably give equally good results. Even in cases where 
the amount of urine and the percentage of sugar are not reduced the 
dryness in the throat and the pruritus are relieved and the patient 
feels better. It is uncertain whether in the cases which do most favora- 
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hundresd (Apostoli and 
chice Of OPINION In regard to tts being 
matism, but some operators think that it has 
heen shown to DOSS AY tak antages over other forme of 
ity, such a8 electne baths and static eleetricity, The convent 
of application and the cast aricl certainty with which the appli- 
, ean be regulated make this the weal method of treatment if it 
shown to be effective. Here, as m other constitutional disorders, 
many operators employ autocondensation or sautoconduction, but 
the author finds the application of the glass vacuum electrode to the 
affected joints or other localities and then over the abdomen and 
along the spine or in some other Way to apply it to large Peart ot 
the body very effective. The cases which have been treated m this 
war have been referred by thetr family physicians after medicines, 
massage, and baths had failed to give relicf. The results are perma- 
nent. not mere temporary stimulation or analeesia, and a healthy 
action of the tissue cells throughout the body ts maugurated which 
results in continued improvement after the treatment 1s all over. In 
many cases there will be wonderful improvement within a few hours 
after the first treatment, and this improved level is mamtamed but 
not materially surpassed for about three weeks. At the end of this 
time a gradual and uniform improvement begins which continues as 
long as the treatment is kept up and for some time afterward, so that 
often the patient feels better a vear after the treatment was stopped 
than he did immediately afterward. Some of the cases which have 
been successfully treated have had pain and enlargement and stiffness of 
several of the large joints and of some of the smaller ones, but without 
serous effusion. The symptoms have entirely disappeared except 
that perhaps some one finger joint may remain a little enlarged. though 
painless, Cases with rheumatic synovitis of almost every joint m@ 
the body and of many years’ duration may be Very much benefited, 
although in some of these a cure is not to be hoped for. The benefit = 
shown by the prevention of the acute exacerbations which every change 
of weather and certain other conditions bring On. There Is also a at 
of the joints to about the normal appearance and the deposits abou 
the sheaths of nerves and in the region of the joints ts ema me 
diminished. The patient becomes able to sleep and his _— i ee 
dition improves very much. From being sick in bed from a ee th s 
quarter of the time, such a patient may often he transforme | Loto 2 
aera iD 3 + health An expert CXAMInAtion May 
condition of apparent robust health. P ewer Tone 
show, however, that the synovial membrane of nearly every er to 
still thickened, and an occupation involving prolonged exposure ; 
cold an wet would hee linble to bring on an acute exacerbation. ea anal 
There are many eases which other means have failed to cure am 


which high-frequency currents will cure either completely or pract- 


-* Medical Hletricity. 
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sand perhaps over the abdomen In occasional 
SDE IR RONRC EE applied to remove some obstinate and pamful swelling 
of about 200 milliamperes; and severe cases with several large joints to 
he treated require an application ot about one-halt hour. * certain 
amount of spark-cficct is desirable over the edema. sah ‘this should be 
only the fine crackling that comes when a cOnVeX electrode 18 In good 
eontact with only a portion of its surface touching the skin. The skin 
should be powdered and the electrode kept in motion. Treatment 
three times a week w best, but twice or cven once a week will otten 
accomplish a cure, though a longer time may be required. The resylt 
ic due partly to a local stimulant and counterirritant effect and partly 
to a constitutional effect. By the latter the defective processes of met- 
abolism are corrected. Nitrogenous substances, for example, leave the 
body completely oxidized as urea, Instead of partly oxidized as uric acid. 
Whether or not tt is correct to regard uric acid as the cause of rheuma- 
tism, It seems to be a fact that It is present m the tissues and excreta 
to. an abnormal extent m these cases, and that measures which result in its 
diminution have a curative effect upon the disease. Williams observed 
In one ease that the proportion of uric acid to urea in the urine was at 
first 1 to 51 and gradually changed to 1 to 70, then gradually changed 
all the way back to the normal ratio of 1to35. The change accompanied 
the recovery of the patient from a case of chronic rheumatism. The 
symptoms had been “rheumatic fever at twenty-six years: now at 
forty-eight there are dyspepsia, rheumatic pains all over, but especially 
in the lumbar region, and history of several big-toe-joint attacks. 
small jomts all more or less enlarged. Appetite nil and sleep bad.” 
He was treated by autocondensation ten minutes daily with a current 
of 350 milliamperes; and in seven weeks made a complete recovery 
and gained 64 pounds in weight. 

__In the majority of cases treated there is no special change in the 
daily exeretion of urea, and very often the examination of the urine 
docs not show any reason why there should he chronie rheumatism. 
The cases cited in the author's article in the “ Medical Record” are 
instructive. 

One patient was a nan aged fifty-four, with a family history in 
which occurred rheumatism (fatal in his father’s ease at thirty-nine), 
_ ossification of the heart,” paralysis of the throat, and apoplexy, on 
the paternal side; all of his male paternal ancestors being large men, 
His maternal ancestors were all delicate and died at aun carly age with- 
out special diatheses. He himself had had no illness since childhood 
except an attack of acute articular rheumatism which kept him in 
bed for a month. The maximum temperature was 103.8° F, His 

sHhictical Record, March 5, 1905. 
, dency Currents in Certain Diseases, 
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the meht hand. These symptoms have remained an agera- 
ted, in apite of medicinal treatment, as to threaten to incapacitate 
him business. Shortly after beginning treatment he had a fall 
which produced a severe ecchymosis of the left thigh and stiffness of 
the knees and an added rheumatic pain in the left hand. The treat- 
ment consisted in the application of high-frequency currents and 
vibratory massage according to the author's wrc-acid technic and the 
administration of 10 grains of salophen three times a day: the avoid- 
ance of tea, coffec, and tobacco, and the application of flat-foot plates. 
At the end of a month the gouty pain in the right great toe had almost 
disappeared; only a trace remained of the rheumatic pain in the right 
hand, and the rheumatic pain in the left hand brought on by the fall 
had been reduced three-fourths. After another two weeks’ treatment 
the patient reported himself so well in every way that it seemed proper 
to discontinue the treatment. 

The very marked effect of the first treatment was produced before 
he had begun taking salophen, but the latter is a valuable adjunct 
in these cases. The patient came a vear later to report his condition, 
which was excellent. This patient and the next one were In private 
practice and were cultivated people, but accustomed to simple rather 
than luxurious living. 

Another patient was a lady of fifty-four, weighing 287 pounds, and 
with a family history of rheumatic gout, making them chair mvalids 
for years. Personally she had always been careful about diet, but had 
gradually become more and more affected by a rheumatic or gouty 
condition which, in spite of medical treatment, had finally ermppled 
her. For some time previously she had not been able to walk more 
than two or three blocks and on coming to a curbstone would hesitate 
for some time before attempting to step up those 2 or 3 inches. The 
knees were badly swollen, the joints of both feet were stiff and swollen, 
as was also the middle finger of the right hand. The day following the 
first treatment she was walking anv number of blocks, going up andl 
down stairs, and “feeling like a bird.” This was before she had begun 
taking salophen. The original brilliant improvement remained, but 
Was not surpassed until after two or three weeks of treatment applied 
two or three times a weck. Then a steady advance began. The local- 
1ties exhibiting the slowest progress were one knee, which she had 
strained some time previously, and the middle finger of the nght hand. 
To these several applications of the z-ray were made. For this an 
S-inch coil was used with a Caldwell-Simon interrupter and a Miller 
heavy target tube which was encased in a localizing shield, The holes 
in the interrupter were small and gave a primary current of 4 amperes 
with rapid interruptions, rays No. 4 Benoit. The anticathode bi 
at a distance of 9 inches from the skin with exposures for two min- 





Fig. 360.—Flectric vibrator for mechanic massage. 


ity In which an excentric weight revolves. The ball is applied lat- 
erally so as to produce the effect of pressure and release with short 
rapid strokes, but without loss of contact. The speed and the length 
of the stroke is regulated for each case. The effect is to stimulate 
any nerve, if it is appli cl lightly and for a short time: and to depress 
or produce a sedative effect on any nerve over which it is apphed with 
heavy pressure and for along time. The effect of vibration in rheu- 
matism is partly one of stimulation of the gencral metabolism, and 
partly also an effect upon the trophic centers in the spine, which 
Influence all the tissues of the different joints they supply. Even 
without eleetric oT other special devices the author has for many 
years prescribed missace of the posterior roots of the spinal nerves 
for Cass ot rheumatim of the kre, for example, which clic] rat yield 
tc medicines and local applications, This was very successful and 
made it easy for him to belicve some of the claims of osteopathy when 
that theory was promulpated, ' 

The peabie mt Was under treatment by high-frequency Currents aril 
mechanic vibration for four months, and at the end of that time 
seemed entirely well, though there remained a little enlargement of 
the joint of the middle finger. Many months afterward she reported 
continued increase in health and strength, and thinks that the greatest 
benefit came after the treatment was finished, At the present time, 
four years later, ahe is more enthusiastic than ever about it. The treat 
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, the treatment bv high-fre- Fig. 370.—Hanfeld tieeue oscillator. 
quency currents 1 not the first ve Sg, Soe 
choice in cases of obesity unless they present some special indication 
for it in addition to mere weight. : 

A more effective method of treatment 1s by mechanic means, and 
the best ADDArATUS isa tissue oscillator. This has a powerful electric 
motor, the speed of which is regulated by a rheoatat. A heavy iron 
pillar supports a revolving shaft and the pulleys on the motor and 
shaft may he ao adjusted as to rive from IH) to 2400 revolutions a 
minute, “Close to each end of the shaft is fastened a pu which rats 
be adjusted more or less excentrically. Two handlebars ar thus 
riven a back-and-forth motion, the length of stroke being set at from 
zero to an inch or more. For certain purposes the handles may 5e 
held in the two hands and pulled while the machine 13 put in very 
moderate motion. An acute attack of stiff neck, or of myalgia about 
the shoulder, if relieved by three or four minutes of this sppucetn= 
For most purposes a belt in attached Lis the CVG handlebars ant peel 
ground the patient, who steacdies himself by the handles hie " a the 
his weight apainst the helt. For obesity the belt 1s apphed ete ane 
buttocks for five minutes, the pationt facing thie machine; then over 
the abdomen and over the shoulders, The stroke should be Snows 
1 inch and must be exactly even on both Biles. 


The adjustment 
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Pig. 371.—Hanfeld tissue oscillator used for reducing weight. 


are simply large but not fat are not apt to yield much in weight to this 
treatment, ana perhaps could not he expected to do so without a bad 
effect Ul Peon their reneral health. But even these Lay sometimes be 
improved by it. A man’s abdomen or a woman's shoulders, bust, or 
hips may be reduced by this means just as by the more natural means 
of outdoor CXCreClsae, 

The Tissue Oscillator in C'ric-acid Cases.—In gout, rheumatism, or 
neuritis, or any of the many conditions likely to occur in men and 
women Who eat and drink an abundance of rich food anid wines, and 
who, while perhaps doing plenty of menial work, get very little physi- 
cn! exerciae, this [rtatment Ls of thie Ercatest Value. I i gives the Lews= 
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richest ae-colored riow and the Freatest amount of ultraviolet 
MOn, 4 dete cted by the fluorescence caused in a picee of Willemite, 
Curren should be about 200 milliamperes from either the d*Arson- 
transformer or the Oudin resonator and should be apphed over 
the whole of the affected limb for fifteen minutes, keeping the electrode 
in motion and avoiding spark-effect. The current should be reduced 
to 150 milliamperes over any eczematous areas and over acutely inflamed 
joints. The treatment should be applied three times a week. The patient 
ought to feel entirely well in six weeks, but to consider the treatment 
finished, two or three courses of treatment lasting eix weeks each should be 
riven separated by intervals of about two weeks. The tissue oscillator 
applied with the belt around the hips and the patient facing the machme. 
A mild application is made for two or three minutes. In this disease, 
as in rheumatism, the effect of the first treatment is often wondertul. 
The author has had patients who expressed doubt as to its bemeg due 
to the treatment at all. They said it must have been a coincidence, 
but the subsequent eourse of events convinced them that it was the 
result of the electric applications. After the first treatment the mm- 
provement is no longer by jumps, but is gradual and uniform, and i 
much more rapid than in rheumatiam. The same vacuum electrodes 
completely heal the chronic or subacute eezema which 1s present in 50 
many of these cases, This is accomplished in the first few weeks. | 
Gouty deposits about different joints are often removable by the 
high-frequency application called thermopenetration | pee 610) yO 
Arteriosclerosis.—The application of high-frequency currents, ¢- 
pecially by the autoconduction cage, has a marked effect In reducing 
functional arterial hypertension. ‘This effect will be described in greater 
detail in the paragraph upon neurasthenis with high arterial se 
and its successful employment in that disease has led to ee 
treatment in arteriosclerosis. In the early stages of this disease the 
high arterial tension is duc to vasomotor spasm caused by the same 
auto-intoxication which, acting through many years, > cna Fook pares 
structural changes in the walls of vessels and in every organ © ri sets life. 
The auto-intoxication alluded to is often the effect of a seden sa : “i 
with or without the influence of alcohol, and is especially the a o | 
mental strain in business or professional life. It develops Curing 
mibldle or late life, : l ondition in whieh irritant substances, 
iiddle or late life, and 1s a con a 1d and produce the 
analogous to those in uremia, circulate in the blood ant pea 
functional and, finally, the increasing structural changes rete 
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Mving an electric induction. The electric offers upon the patient 


= analogous to the induction of a powerful current in a secondarc coil 
by the passage of a current through a primary coil with which it is 
nowhere in contact and from Which. in fact. i is most carefull: inst- 
other day for about three weeks. In an early Stare nt arteriosclerosis 
each treatment may be followed by a fall in arterial pressure amount- 
ing to 20 or more millimeters of mercury. Before the next treat- 
ment the pressure rises again, but not to its original level, and gradu- 
ally the normal level is reached and maintained. In advanced cace< 
of arteriosclerosis this treatment is also to be recommender]. and the 
author's experience with it has included cases in which some one effect 
—such as rheumatism, neurasthenia, embolus. or hemianopsia—has 
required treatment. Electric-licht baths also vive excellent results in 
artenosclerosis. 

High-frequency Currents in Diseases of the Lungs.— Bronchitis 
and asthma may be relieved by the application of high-frequency 
currents to the chest-wall, preferably using a vacuum electrode 
with a current of 150 milliamperes, although the French writers use 
the effuve with some direct sparks. In either way a revulsive and 
tonic effect is obtained which would certainly be of benefit in these 
CASES. 

Tuberculosis is certainly susceptible of wonderful benefit by high- 
frequency currents, but as with every other form of treatment, some 
cases get only moderately well and eventually die of the disease. Other 
cases apparently get entirely well and may or may not have a return of 
the trouble at some future time, And in these cases who can say just 
what rile the treatment has played in the process of recovery? The 
author's own technic in these cases includes the use of the z-ray and the 
mercury vapor electric light besides the high-frequency currents. But it 
8 interesting to note that dozens of apparently complete cures have been 
reported by means of high-frequency currents alone (Doumer, Gandil, 
Oudin, Williams, Bowie, ete.). The method employed has usually 
been by the effluve from an Qudin resonator applied over the chest for 
five or ten minutes daily, especially to the supraclavicular regions. 
The strongest possible discharge was used and a certain number of 
direct sparks were allowed to pass to the surface of the body, The 
sequence of events has been improvement in the general health, dis- 
appearance or reduction in the number of bacilli, diminution in cough 
and expectoration, and, finally, improvement in physical signs, 


lated. The applications last fifteen minutes and should be given every 








natient with tuberculosia of the lungs and larynx treated by 2-ray, 
Ltreury Vas light. cd high-fresc iene Currents. 
of tin I=-TY , the Mercury Wiipror light, ancl high-frequency Currents. 
rl ¥ was used once in five days, the anticathode of the tube beme 
15 inches from the nearest surface of the chest and the time of exposure 
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oUr minutes in front and four minutes behind the ehest. A 40-¢m. 


] ‘undiach tube was used and an S-inch Ruhmkorff coil 
The rays were about No. 4 of the 


heavy anole ( 
with a Caldwell-Simon interrupter. 
Walter or Benoist scales and the current passing through the primary 
coll was about 4 amperes. Immediately after this apph ‘ation a Morton 
treatment tube similar to the suthor’s special z-ray tube, deseribed 
under the treatment of diseases of the mouth by high-frequency cur 
| to the outside of the larynx. The extremity of 
| exposure of two minutes 

No other treatment was 
iments a treat gn 

Li 


rents, ins apoyo lies 
the tube was in contact with the skin and a tota 
was made over different aspects of the pos far 

appli ion those days. Between each two r-rayv tres 
“8 pti ieneey WAGE light anc high-frequency currents Was given. esi 
Cooper Hewitt lamp, 400-candlepower, was placed Within ret ‘s 
the bare cheat for ten minutes in front and ten minutes behind, ‘This 
made the skin feel hot to the touch, but occasioned no rednete 
“ Lai ay Bs lamp wal 30 arranged that the patients vyes Were 
ied led from the light. Immediately after this a glass vacuum elee- 
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mprove until July, 1904, when the treatment was stopped on account 
of domestic cificultices. Durnng the followme winter there was a cracdual 
return of the onginal condition, but she did not again come under r-ray 
or eectnc treatment and ched in May, 1905. She did better while under 
treatment than she could possibly have done otherwise ancl might 
perhaps have heen cured uf the LrCcatmMment hac heen eontinied. 

Favorable results have been obtained by Barnum' by the uze of 
the z-ray, rather a high vacuum, and high-frequency currents from 
an autocondensation couch. This latter part of the treatment consists 
in a twenty-minute rest in a reclining chair or couch which is in circuit 
with the machine. No direct connection is made with the patient 
and no sensation is experienced. He describes the effects az an imme- 
diate rise of temperature of at least 1° F. during the time of treatment 
and a sense of exhilaration lasting for twenty-four to seventy-two hours. 
He uses an unusally powerful high-frequency apparatus consisting of 
very large Leyden jars and an OQudin resonator, 12 inches in diameter 
and 3 feet high, and regularly applies from 2000 to 3000 milliamperes. 
Some of his cases were apparently cured. The treatment was carried 
on in connection with tent-life in Los Angeles, California. 

High-frequency Currents in Diseases of the Larynx.—Twher- 
culosis of the larynx is a disease in which high-frequency currents and 
the z-ray afford relief with a possibility of cure. The method of appli- 
cation has been described in the preceding paragraphs. 

Cancer of the larynx is favorably influenced by high-frequency 
CUITENnLsS In conjunct lon with the I-Tay applied im the Same Way as for 
tuberculosis. In a general way the effect of the z-ray is alterative; 
that of the high-frequency current eliminative. The x-ray causes 
molecular death of a neoplasm and high-frequency currents cause the 
rapid removal of the WHste products, 

Chronic Laryngitis —Here the indication is for the vacuum electrode 
or the effuve over the outer surface of the throat. A vacuum clec- 
trode of ball shape should be used which will secure some spark-effect 
even with the electrode in good contact with the skin; and the current 
should be shout 100 milliamperes. canes 

| High-frequeney Currents in Diseases of the Stomach and Infestines.— 
Atony of the Stomach with or without dilatation is promptly and favor- 
ably influenced by high-frequency currents. Such a case was that of 
& retired naval officer who was invalided home from the Philippines 
during the Spanish-American War with the nervous breakdown which 
affected so many of our officers there. In his case the trouble was 
chiefly gastric, and all these seven years or so he had suffered from morn- 
* Archives of Physiologic Therapy, August, 1105. 
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usual medicinal treatment ior such a econclition: 


: acid, PLE vomica, and cinchona; ancl peptonoida 
tomary whisky. The clectric treatment consisted 
of a vacuum clectrode over the stomach and adja- 
it regions for ten minutes with a current of 150 amperes and without 
spark-elfe be this bei tollowedcd by the RAT application along both 
ades of the spine from the upper to the lower limits of the scapula. 
In this region some spark-effect was cautiously applied. It had to be 
slight because of the tendency of the skin to become covered with fine 
red spots. The high-frequency currents were begun about seven or 
eight days before it was convenient for him to begin taking the medicine. 
Improvement began immediately and he did not have a single attack 
of vomiting after the electric treatment was begun. During the course 
of the treatment, which lasted two months, he did not have a single 
one of the frequent attacks of vomiting and pain which used to meapact- 
tate him for a day at frequent intervals. Quite early in the treatment 
he was rejoiced to find that he could brush his teeth before breakfast 
without being nauseated. He was apparently entirely cured at the 
end of the course of treatment. aye. Feed 
Constipation may often be cured by treatment with high-frequency 
currents, as in the case of a young lady who had been operated on for 
hemorrhoids, The constipation which originally brought on the oars: 
was not relieved by the operation and did not yield to ordinary se ee 
inal treatment. The electric treatment was given by means stl 
glass vacuum electrode whose conducting cord was erie rene 
with one pole of an z-ray coil. .A primary current of . er Sergeente= 
was used with a Caldwell-Simon interrupter. The electro rath : ia an 
all over the abdomen and some contraction was — recent on rccian 
then another muscular mass was influenced ay ite strong current 
in this way it is desirable to avou la penne roduced The result 
is used decided muscular contractions hich hs cad for the two 
of a few weeks’ treatment was 4 porte hi ee ilar results have been re- 
years which have elapsed since that time. Sint" eurrents are so easily 
ported hy Fleig anc Frinkel.' High-treauy ty measured and con- 
applied and with the proper equipmen™ * “1 a case in which the com- 
trolled that they may occasionally be rk int ee te Ke better. Noth- 
bined galvanic and faradic current mg Me hefrequency currents, 
ing but benefit is to be expected from gee : may be made to the 
however, and if they are not effective aC nee & ae 
other form. : net spastic condition of t 
A certain number of cases si epee sarah from either the 


sphincter ani, and for these a Fee Physique; Arch. of the Rantgen Kay, June, 


' Arch, Gen. Fran. de Therapeutique 
1O0K, p. #2. 
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i from colitis for four yeara in spite of 
7: * brother who has lor riany TCAs be ST oi 
Boar or Health physician. The trouble was always worse 
In the Summer, “uh CUI the summer of 1903 it had assumed a iysen- 
tence character. She had twenty-five bloody movements a day fot 
whole month. The medicine, whatever it may have been before 
changed to opium and catechu, and an electric treatment was give 
at 6:30 tha t evening. She passer| a comtortable nig] it and the following 
day had only one movement. Ten treatments were given dunne the 
next three weeks and resulted in an entire cure, from which there has 


Fig. 373.—Rectal vacuum electrode. 


been no relapse during the four years that have ensued. The treatment 
emploved in this case was a combination of the x-ray and vibratory 
currents. A tube of moderately high penetration was used, rays about 
No. 6 Benoist, with the anticathode at a distance of about 12 inches 
[rom the bare surface of the abdomen. An S-inch Ruhmkorf coil 
was used with a Caldwell-Simon interrupter, a primary current of about 
3 amperes, and an exposure of four or five minutes. This was followed 
by the application of a glass vacuum electrode all over the surface of 
the abdomen, but especially over two or three painful spots. The 
conducting cord was attached directly to one pole of the z-ray coil. 
As little spark-effect was produced as possible. 

The other ease is typic of a more numerous class, The patient 1s of 
& highly neurotic type and has had many things to worry and excite her. 
Before coming under treatment she had for a number of years been 
almost daily passing a large gclatinous mass, which looked as if it could 
be straightened out into a thick cord or ribbon or tube many yards in 
length. It looked like some new and strange kind of worm. As the 
patient had a marked family history of tuberculosis a pathologic exami- 
nation was made, the report being that the discharge contained essen- 
tally mucus and granular epithelial detritus. ‘There was always severe 
abdominal pain preceding these movements. Reliance was placed upon 
the z-ray and a vibratory current given in the same way as for the other 
case, A cure was promptly brought about and for the last two or 
three years there has been no tendency to a permanent return of the 
trouble. When she gets terribly excited, however, there are attacks 
of the same nature lasting for one or two days. If she is in the city 
and receives a treatment the pain is immediately relieved and the 
' Radiotherapy in Enteritis and Colitis, New York Medical Journal, July 11, 190, 
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| High-frequency Currents in Diseases of the Rectum.—Doumer, 
in Lois Was the first to publish any large number of rectal cases treated 
hy high-frequency currents, and his success was quickly corroborated 
by the reports of Sudnik,? Stembo,? Tschdanow,’ and more recently 
by Bilmkin* and Marque." Hundreds of cases have been reported 
altogether anil fairly accurate conclusions av be drawn from them. 

Fissure of the anus 12 in about one-half the cases cured by from three 
to mine applications and there is prompt disappearance of the accom- 
panying spasm of the sphincter. Other cases require many more 
treatments and some do not get well till the sphincter is stretched. 

Memorrhoids.—Simple vascular masses of recent development show 
about 0 per cent. of complete cures and decided benefit in almost all 
the others. The number of applications is from four to eleven. Inter- 
nal and external vascular masses with occasional acute exacerbations, 
but without hypertrophic changes, are almost always greatly benefited 
and one-third of the cases are completely cured. 

In all the above cases the accompanying constipation 1s usually 
cured at the same time as the local lesion. 

Chronic Hemorrhoids with Thickening and Irritability of the Folds of 
Skin, but Without Marked Venous Congestion —None of these cases 
have been entirely cured, but all are improved in seven to fifteen treat- 
ments, and 50 per cent. are very greatly benefited. | — 

Large Venous Hemorrhoidal Masses, External and Internal.—Bihn- 
kin treated 16 cases, giving twelve to thirty applications, with amelio- 
ration in 7 cases and failure in 9 cases. Two of these 16 cases were 
recurrences after operation and almost all were long-standing caste 
complicated by ehronie gastro-intestinal disorders. In such cases 
electricity applied locally does not give better results than other non- 
operative forms of treatment. Suceess could doubtless be obtained, 
however, by a long course of treatment in which, according to my own 
view, the local treatment should be supplemented by the application 
of high-frequency currents, the galvanofaradic current, or the sinusoidal 


' Ann. d'Electrobjologie. 

* Thid., 1800. 

1Dentra. Med. Woch., No. 5, 102. 

*Botkin’s Hosp tal ig No. 30, 1040. 

+ Bulletin Officiel to la Societe Francaise d'Elec, Med., Nov., 10H. 
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| T Aermi ype nefraftion 1 a method of tre aling hemorrhoids. which is con- 
sidered in the separate section devoted to that fe Itt of high-frequency 
ap pUCaATLOn. = 
Pruritus An with Moist Eczema.—Bilinkin treated 15 cases, four 
to Seven applications, with 4 Cure In eVery case. The present author. 
however, has encountered certain cases of pruritus ani which would 
not yield to this or any other form of treatment. operative or non- 
operative, local or general, except the x-ray, which seems to be a 
Speciic. There 1 nothing magic about the high-frequency Currents 
though they are very effective In most cases of rectal disease. 
Paralysis of the Sphincter Anit.—The most difficult cases to cure 
are those resulting from overstretching in the operation for hemorrhoids 
or fissure. One such patient who was treated by the author had been 
operated on for ulcers of the rectum by one of the foremost rectal 
surgeons. Ihe case had been one of spasmodic stricture of the urethra 
or spasm of the sphincter vesicm, and the patient, a man under forty, 
had frequently been entirely unable to urinate. After waiting a few 
hours he could do so. A stricture of large caliber was diagnosed and he 
was operated on. There was temporary relief from the retention of 
unne, but on the return of the trouble the ulcers in the rectum were 
discovered and were regarded as having in a reflex way produced the 
difieulty of micturition. The operation had consisted im stretching 
the sphincter ani and applying a Paquelin thermocautery to the ulcer- 
ated surface. This was of temporary benefit as far as urination was con- 
cerned, but it resulted in a relaxed condition of the anus and paralysis 
of the sphincter. For two whole years the patient had to wear a sort 
of plug made of cotton and on many different occasions soiled his 
underwear through his inability to restrain a movement for a minute 
after the desire was felt. He had to regulate his diet so as to avoid 
soit movements, which were especially liable to cause trouble. There 
was a return of the difficulty of micturition and a development of abso- 
lute impotence, no erectile power remaining at all, A No. 36 (French) 
sound could be passed into the bladder, There was a certain amount 
of ulceration in the rectum, Treatment consisted in the occasional 
passage of a No. 36 sound and the application of high-frequene Vv currents 
in the rectum, over the genitals, and along the spine. _About fifteen 
treatments were given, The impotence was cured and his wife beeame 
wegnant. The anus lost its relaxed look and he ceased to be troubled 
oe incontinence of feces, although the sphincter did not regain its full 
'Ronneaux, Annals d'Electrobiologie, Sept., LMM, 
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apie undermining arc multiple Laces STC OL 20 promising, though 
high-frequency currents as a resolvent would be a valuable adjunct to 


Surgery. =e j ; ‘ 
Uleer and stricture of the rectum are benefited by high-frequency 
currents, but perhaps not as much as by the galvanic current, with or 


without copper electrolysis. 


A elass vacuum electrode with an msulated stem of the type illus- 


trated on page 561 is introduced into the rectum and its tip pressed 
into the narrowed lumen. A current of 150 milliamperes from the 
Qudin or the d’Arsonval is applied for ten minutes every other day. 
The current should be turned off at mtervals to allow the tube to cool. 
A successful case has been reported by Crane," in which the trouble 
appeared to be cancerous. He concludes that 1 was not malignant 
because 1t yielded completely to the treatment. 

The method of application in all these rectal diseases may be by a 
metallic rectal electrode connected with a d’*Arsonval transformer and a 
very heavy current; 300 to 450 milliamperes may be applied without any 
sensation except of mild warmth; or a class vacuum electrode connected 
with the upper pole of an Oudin resonator may be used. It is desirable 
that this should have an insulated stem and that it should be exhausted 
to quite a high degree of vacuum. This means a higher degree of 
vacuum than is present when the tube gives a rich lavender colored 
light, the light being, on the contrary, a steel blue or gray. And when 
the current is turned in the right direction, so that with the d’Arsonval 
transformer the glass electrode connected with what may be termed 
the cathodal or negative pole of the coil a decided admixture of the 
yellowish green (indicating the impact of cathode rays and giving origin 
tO Z-rays) is visible. As a rule, vacuum electrodes are used only with 
Tesla and Oudin currents and metal electrodes with d’Arsonval currents. 
According to Bilinkin, the latter is more agreeable to the patient and more 
eliective. The shape of the electrodes, whether conic or practically 
cylindric, is not important. They should be of such a size and shape 
that they can be introduced readily and that they will make a good 
contact with the entire mucous membrane of the part of the rectum 
In which they are placed. When vacuum electrodes are used the 
current ought to be 125 to 150 milliamperes and the time of application 
from five to fifteen minutes. The electrode is not moved about, but 
it 18 iecessary to stop several times to prevent it from getting Unecom- 
tortably hot. With a metallic electrode the current may be stronger 
(£00 to 450 milliamperes) and the time of application is about the 
same. The author’s special handle (Fig. 354, page 539) for the vacuum 
electrodes is completely insulated, the metal socket into which the glass 
electrode screws being protected by an extension of the hard-rubber 


ia ‘Fort Wayne Medical Journal Magazine, March, 1905. 
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both flexed, leet @erossecd, anil En nee fay apart. lhe Orst position is 


always to be preferred unless there is som reason for not using it. It 


cives access to the rectum. buttocks thighs, and genital ancl hyporastric 
rerions. Any of the recular operating or examining tables Taw be 
provided with the proper crutches for this position. The ordinary 
stirrups attache to a Vie coloric tiuble are unsatisfactory ior elec- 
trotherapy about the rectum. The position they lve is an extremely 
uncomfortable one, which no patient should be compelled: to endure 
for a quarter of an hour. and the anus Is not brought into view. but 
is down close to the table. One reason why the first position might 
not be selected in any individual case is that the operator might not 
have a table with the proper crutches. Another reason micht be that 
the patient Is a young woman requiring only a rectal appheation and 
the SSF EDS position would be preferable hecause of the less CA POSUre. 
[t is important when using a unipolar electrode connected chirectly 
with one pole of the Z-ray coil to prevent contact between the patient 
and any metallic parts of the table. The top of the crutches may be 
protected by throwing a folded niece of rubber sheeting over them. 
High-frequency Currents in Diseases of the Mouth.—figgs’ 
Disease, ar Pyorrhea Alveolaris.—This js a (disease which is often fatal 
to the tooth which it attacks. The symptoms are pain and tendemess 
and sensitiveness to heat and cold. An English medical man who 
suffered from it said that he had to warm his beer and cool his tea. 
The gum about the affected tooth is red and swollen and may be ulcer- 
ated. Its marein is stparated from the tooth and a pocket is produced 
in which black concretions are often found as hard as stone and only 
to be removed from the root of the tooth by the dentist’s tools. Pres- 
sure upon the gum causes a drop of pus to exude from this pocket and 
the suppuration is so active that another drop can be expressed five 
minutes later. The alveolus or bony socket in which the tooth sets is 
partly or completely absorbed. The affected teeth become loosened 
and eventually drop out unless the process is arrested. The teeth 
themselves are more apt to be sound than to be decayed, and many 
of them are of ivory hardness. So much has been wntten about the 
probable causation of this (disease that its determination need not he 
attempted here. The general condition which may be termed the 
uric-acid diathesis has been said to be the cause of the trouble. By 
others it is attributed to a local infection, most probably by a variety 
of yeast fungus. The present author has treated a large number of 
these cases and has studied the reports of cases treated elsewhere, and 
it does not seem probable that it is due to any single specific CAIISE. 
The etiology seems to present more or less analogy to that of chronic 
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- he found some definite con- 
ie | wtional conmaition, hike uric 
acid. diabetes, or anemia, which 
chould be remedied, More often, 
however, the cause is indefinite 
and the best that can be done con- 
stitutionally isto recommend fresh 
gir. exercise. suitable dict, and pos- 
sibly tonics. Locally, the services 
of the dentist should precede 
those of the electrotherapeutist. 
All the stony deposits should be 
scraped away and an application 
such as peroxid of hydrogen, gla- 
cial acetic acid properly diluted, 
trichloracetic acid properly di- 
luted, nitrate of silverof the proper 
strength, or tincture of pocdin. 

The electric application which 
the author has found successful 
In cases of pyorrhea alveolans is 
a combination of the z-ray and 
high-frequency currents. For 
these cases an ordinary z-ray 
tube, such as a 50-cm. heavy 
target Muller tube, is encased in | eats ! = Mee: 
a localizing shield having a 2}- Fie. 374 —Tousey’s 2-ray tube arranged for 
Inch opening. The rays should the treatment of pyorrbea alveolaris 
be about No. 4 of the Walter or 
of the Benoist scale, the resistance equal to a parallel spark of about 
2 inches, the primary current about 3 amperes, with a 12-inch coil and 
Webnelt interrupter and a current of 1 or 2 milliamperes passing through 
the x-ray tube. The anticathode of the tube is about 10 inches from 
the face, the lips are open, exposing the teeth and gums, and the time 
of exposure is from one to two minutes. Treatments are given twice 
4 week and are so regulated as to produce no redness of the skin and no 
falling out of the moustache. A special z-ray tube may be used which 
is Made entirely of lead glass except at the end of a prolongation to he 
applied directly to the gums. The tube has an insulated handle and 
18 held in position by the hand. It is necessary to have conducting 
cords so completely insulated as not to give a spark to patient or opera- 
tor if accidentally touched. These are made of light weight and are 
& great convenience in other eases besides this particular one. The 
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In use this tube will stand only a very moderate current 
- fret. that from its small size it heats up readily, and 
resistance is much less than that of an ordinary z-ray tube, 


ith the same adjustment of the r-ray eo this tube will transmit 
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Fig. 375.—Electrodes for applying high-frequency currents to the gums in prorrhes. 


4 or 5 milliamperes while the ordinary tube will transmit only 1 or 2 with 
the same degree of vacuum. This latter fact contributes very largely 
to the rapid overheating of the tube. The tube should not be run much 
more than half a minute continuously, and then should be allowed to 
cool. The redness of the anticathode furnishes the guide to this. 
Immediately after the ray treatment the high-frequency currents 
are applied by means of vacuum electrodes placed in direct contact 
with the gums. These are made with an insulated stem with double 
pliass walls, so that the lips receive none of the current, and this also 
enables the patient to hold the electrode. For this purpose a very 
light conducting cord is attached to the electrode by a light clamp. 
The electrodes are made in different shapes for application to lingual 
or buccal aspect of the cums (Fig. 375). The proper strength of 
current is about 75 milliamperes. The electrode is held against one 
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teeth and these are not at all bad. Just at this stage the patient 1s only 
too apt to consider himself practically well and to discontinue tr at- 
ment. This is & grave error and is sometimes followed by a retum 
ef the trouble. The cascs in which the results are most brilliant. are 
those with ragged looking ulceration of the gums. Thoze which appear 
to be susceptible col only ak moderate amount ot benefit are those with 
rather a clean gingival border, but with a pale cartilaginous appearance, 
looking as if the gums would not bleed if cut with a knife. These cases 
are often depen lent on anemia and the indication is for fresh ar, eXETCISe, 
and tonics rather than for local applications. It appears probable 
that many of the cases of this disease can be permanently cured and the 
teeth saved by this treatment eombined with proper care by the dentist. 
Action of the z-Ray in Pyorrhea Al redlaris.—The author has many 
times seen positive results in the cure of cases which had resisted the 
usual treatment by the dentist, so that his confidence is not shaken by 
the theoretic objections which he has heard urged against it. Thus, it 
has been said that the z-ray is filtered, and so altered im character by 
passing through the soft and bony tissues as no longer to produce the 
-ffect which it might if the lesion were in the superficial tissues. The 
answer to this argument is that a profound effect takes place in the 
treatment of leukemia by z-radiation of the marrow of the long bones 
through the skin and flesh and bone. If the blood-forming cells in the 
bone-marrow can be so affected as to produce a radical change in the 
constitution of the entire blood in the body, it ts easy to comprehend that 
such a radiation can produce an effect upon the cells lining the alveoh, 
and experience has abundantly proved that this effect is a beneficial one. 
High-frequency Currents in Diseases of the Eye.—/! rachoma, 
or eranular lids, has been treated successfully by a combination of the 
r-Tav and high-frequency currents.' A vacuum elect rode was applied 
to both the inner and outer surfaces of the lids for about three minutes 
three times aweek. A current of about 50 milliamperes without spark- 
effect is suitable. A cure was effected in 1S cases, the time reque™ 
being from three weeks to three months. There are probably better 
methods of treatment for this affection. 7 
Atrophy of the optic nerve is a disease in which the author sugges5 
the use of high-frequency currents. -A current of 150 milhamperes 
would be applied to the temple by a glass vacuum electrode, only 8 
loose contact being made with the skin in order to produce vt slight spark- 
effect. The electrode would be kept in motion and after five or len 
minutes over the temple a milder application of 79 milliamperes would 
be made over the closed eyelids. 
' Geyser, Journal of Advanced Therapeutics, New York, May, 14. 
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a oot the ocular musces has been considered under 
Ing of f Disens cz of the Nervous System 
High-frequency Currents in Diseases of the Nose.—trena. 

cessful cases have been reported’ in which the crusts and the offen 
sive odor disappeared and the mucous membrane assumed a healthie 
aspect. In about an equal number of cases (10) treated by bain 
observers the results have heen [ees Promising. Even in these eS 
there was a fecling of relief for twelve or twenty-four hours after each 
treatment, with less crusts, greater freedom af the nostrils, more liquid 
discharge, and less dryness of the throat. There was a return of the 
symptoms, but im the long run there was decided improv eee aun 
eonsisted in a lessened productic Ih of crusts, the nasal mucus became 
more fluid, there was less offensive odor. Objectively, the mucous 
membrane appeared but little changed; the atrophy of the turbinates 
was about the same. The treatment 1s not unple asant and, aS may 
be seen above, even the less favorable results show appreciable improv e- 
ment. Returning, however, to the successful cases, a complete cure 
was not obtained, but such great improvement as to get rid of the offen- 
ave ay DD Ip toms . 

The method of application is by means of a metal rod with an msu- 
lated handle. The part w ‘hich w introduced into the nose 18 covered 
with sealing wax or hard rubber, When the current from the Oudin 
resonator is turned on an effluve of fine sparks escapes from the rod 
through the hard rubber. These fine sparks ATC applied to every bit of 
the affected mucous membrane. After a few minutes’ application the 
electrode 13 removed ariel if the pat lent blows his nos all the Crusis will 
usually come away. The application lasts about fifteen minutes and 
should be made every other day; 50 to 75 milliamperes 1s the proper 
strength of current. No cocain or other local anesthetic is needed. 

Hay-ferer.—The author suggests the use of a glass vacuum electrode, 
insulated by a double wall except at its extremity, which may be 
applied to all parts of the nasal mucosa, but especi ially to the inferior 
and middle turbinated bones. It 1s very easy to get a spark-effect 
from an electrode of this size even if the contact is pretty good; and 
this scems to be the indieation in these eases. This vacuum electrode 
will give one all the benefit of the high-frequency currents combined 
with the Influence of the ultraviolet radiation from the tube. <A 
similar application may be made to the outer surface of the nose, at 
the sides halfway from the root to the tip. The strength of current 
for the interior of the nose is from 50 to 75 milliamperes. And for the 
outside a current of 75 to 125 milliamperes applied by a somewhat 
larger electrode with an uninsulated stem and aaEae in a ball. 
This shape gives the spark-efiect desired in these cases 

Sinusiis.—Chronic inflammation in the frontal sinus. the ethmoid 
cells, and the antrum has yielded to high-frequency applications at the 
author's hands. A small glass vacuum electrode has been ¢onnected 
with the Oudin resonator and is passed over the surface of the affected 
parts of the face by the patient herself (Fig. 376). The strength of eur 
rent is sufhcient to redden the skin, but not to cause pain. 


'Habn, Gazette en Ospedal ¢ Delle Cliniche, March 5, 1905; and Bordier 
and Collet, C a Favenseent des Sciences, Montauban, 1902. 
* Laras ard » WIT congrés d'otologie, in Tribune Medicale, Get. 15, 18H. 
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Fig. 376.—Application of high-frequency current in frontal sinusitis. 


as even entirely too strong an application would not be really painful. 


A current of about 100 milliamperes with the ends of the wires well 
retracted within the glass cuff would be proper for a starting-point. 
Fig. 366, p. 566, shows the proper electrode. 


The application should be made three times a week and may be to 
ohne or both ears. : 


s according to the case. Imbert’ has treated a large 
number of cases of tinnitus aurium due to a variety of causes, and 
found that those without antecedent suppuration were always readily 
1 Journal des Practiciens, Dec. 17, 1K). 
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the treatment should be tried. The Improvement which takes place is 
not uniformly progressive. During the course of the tr atment there 
may be many relapses, but the noises are not 60 loud and they SCOT 
cease acain. It is ¥Yery necessary to ci mntinue the (reatment for a mont nN 
after the patient seems entirely cured. According to Imbert’s obser- 
vations, this treatment does not result in any Improvement of hearing 
if that has been impaired. He considers the beneficial effect to be due in 
S0OMe cases to a revulsive action and to the reduction in a rterial tension, 
which is one of the constitutional effects of high-frequency currents. 

High-frequency currents, according to Imbert, Dénoves, and others, 
constitute the best treatment for vascular tinnitus aurium. The treat- 
ment 1s directed to the general vascular condition and not devoted 
alone to local applications. 

Marage reports good results from the autoconduction cage about 
the head and shoulders, and vibration applied to the temporoparictal 
region. 

Skin Diseases.—A method which is very generally useful is by the 
application of an effluve from the Oudin resonator, or similar high-ten- 
sion high-frequency apparatus for ten or fifteen minutes. followed by the 
application of a few sparks from a lower tension apparatus. The latter 
effect may be obtained by having the patient hold a metallic electrode 
connected with the lower terminal of the Oudin resonator, and drawing a 
few sparks from the affected part of the body by means of the operator's 
hand or a damp sponge. A metal key or coin will do this effectively, 
but less agreeably to the patient. All the different skin lesions referred 
(0 as amenable to static electricity yield still more readily to high-fre- 
Queney currents. 

Some special applications may be mentioned: Felangiectatic redness of 
the nose may be treated by the effluve or sparks from the Qudin reso- 
nator, or by the application of a condenser electrode and d’Arsonval 
currents. ‘The same applications are useful for [pus vulgaris and ery- 
thematodes. The effluve is valuable in acne, impetigo, herpes zoster, 
Jurunculosis, and sycosis. Alopecia sometimes yields to the effluve, but 
more often requires sparks, 

The application of high-frequency sparks of different strengths is a 
wonderful resource in epithelioma and in carcinoma and lupus. 

Freund and Fabrozzi! find that high-frequency sparks applied to the 
normal skin produce inflammation of the most superficial layers, great 
dilatation of the veins, extravasations of blood, and vacuolization of the 
walls of the arteries. There may be destruction of the entire epithelial 
layer. Oudin regards these results as partly due to the ultraviolet 
radiations which accompany the production of these sparks. 

Warts, small epitheliomata, and moles may be destroyed by the use 

' Annali di elletricita medica, 1903, No. 11. 
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Fig. S2¢.—Flat warty area cured by high-frequency sparks. 


lial elements of the skin are most powerfully influenced, active hyper- 
emic changes taking place in the surrounding area, with exfoliating 
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ecabs as an end-product. The repair of the lesions produced by the 


treatment takes place by a process of leukocytosis and phagocytosis 
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Fig. 378.—Another view of the 
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the subcutaneous tissues, resulting im the complete regeneration ct ae 
epithelial strata of the skin. The resulting clcatrix is preferable to bear 
produced by the operation of chemic caustics or excision and the appl- 
cation is comparatively painicss. | i 
Figs 377379 show an extreme Cis’ treated by the author. There 
' Jour. Advanced Therap., April, Lik}. 
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Cations. wi shower of long white sparks Was apphed at different points 
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Fig. $$1.—Pigmented keratosis of face cured by high-frequency sparks. 


t-ray treatment that a single application of high-frequency sparks was 
made with complete removal of the lesion. 

The auther’s high-frequency spark electrode and special technic are 
important unless the patient is under a general anesthetic. 

They render the application painless (see p. 543). | : 

These are practically the only eases in which an trritative effect 
to be desired. Usually the application of high-frequency currents Is 50 
made that even with very strong currents no Irritation of the skin 15 
produced. This is generally accomphshed by mamtaming a food con- 
tact with the skin and by keeping the vacuum electrode in constant 
motion. Unipolar applications of 250 milliamperes may be given 
if necessary without irritation. If, for any reason, It is necessary OF 
de=zjrable in make the application through the clothes or bandages, the 
electrode should be pressed quite firmly, it should be kept m motion, 
the current should be moderate, not over 150 milliamperes, and the 


Pet deri ot merce PN eta 
adjustment of the whole high-frequency apparatus should be such bribe 
give volume of current rather than tension. This difference mani ne 
itself in the one Case by simple warmth when the electrode 1s 7 SAE 
with the skin, while when the apparatus Is adjusted for tension there 
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of the elements which increase both tension and volume. 

lene is benefited by the local application of high-frequency eur- 
the efuve oF bY a VOCULIT electrode, The latte iis Tore 
The electrode shoule be clome shaped ane at least | inch int 
‘flat surface being applied to the skin. The use of talcum 
powder 1s desirable to secure a good contact while the elect rode 1s kept 
i motion. A current of about 100 mubamperes should pase 

h the glass electrode for about ten minutes and sparking should 

avoided. The applications should be made three times a week, 
The beneficial effect is largely due to simple stimulation, hut there 1s 
also a germicidal cffect from the ozone frenerated in the tissues by elec- 
trolysiz and from the ultraviolet ray produced around the vacuum tube. 
fhe electrodes best adapted to almost all high-frequency applications 
are those which produce the greatest amount of ultraviolet light. Its 
presence is demonstrated by Willemite. the same mineral that is used 
as a test forradmm rays. The z-ray and high-frequency currents may 
be combined in the treatment of these cases. It is easier tO et a Der= 
manent cure im these CASes by using in addition to the electrotherapy 
the author's treatment by tar-soap friction, zine and salicylic ointment, 
and rhubarb and soda internally, This is given in detail on p. OSO. 
Treatment by incision and cu retting is to be avoided. It often results 
In the most frightful scarring. Success may be confidently expected in 
these cases, but it requires months of treatment. ppecial SOUrces Of 
reflex irritation like phimosis should be remedied. 

Alopecia.—The application of a vacuum electrode carrying a cur- 
rent of 100 to 150 miuliamperes is an excellent stimulant to the hair- 
follicles and is a very convenient. form of treatment. The prognosis 
varies in different cases. Tn ordinary cases of a tendency to baldness 
high-frequency ClTents are used alone, but in alopecia areata the r-ray 
is required as an adjuvant. 

Yreatment of Alopecia Areata by High-frequency Sparks.—Bordier, 
Bon let. anc others have reported successful eases, Hordier’s technic 
employs for recent mild cases an Qudin spark electrode with a glass 
sleeve. This is connected with one pole of a large d’Arsonval trans- 
former, the other pole of which is grounded, A shower of tiny painless 
sparks are applied in this Way over one part after another, long enough 
in each place to produce intense redness, but not vesication. It requires 
only a few seconds in each place. Bordet' cured a case which hac 
resisted all sorts of treatment, including the above technic. He applied 
the same fine sparks for twenty or thirty seconds at a time in each 
Place. The entire scalp became very red and the fifteen or twenty 
*eparate places to which the sparks had been applied until the skin 

' Arch. d'eleetricite medicale, Sept. 25, 1007. 
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whieh became brownish about the thirticth day. 1 ‘a Bid prin ie 
the appearance of fine hairs - treatment, which was a painful as 
b oe ; pe rea? net Gi : oh Mk wo-thirds of the hairy scalp had 
nine months. us Way. The hair was completely restored in about 

A case now under treat- 
ment by the author is 
shown im Fig. 382. A 
glass vacuum = electrode 
eonnected with the OQudin 
resonator 1s lightly rubbed 
over the bald areas with as 
considerable spark effect as 
ean be borne without much 
discomfort. This treai- 
ment causes redness of the 
scalp, but no blisters or 
scabs. The same treat- 
ment may be applied so as 
to produce the more severe 
efiect above described if 
the vacuum electrode is 
held at a little distance 
from the surface and a 
shower of tiny sparks 1s 
allowed to fall upon the 
same spot for twenty for 
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Chilblatns are benefited | 

by the analgesic and vasomotor tonic effect of the high-frequency cur- 

rents. A vacuum electrode is used with a current of about 100 mill- 


amperes.! Samat 
pe e application 


Eczema in practically every form 1s benefited by th spine Soe 
of high-frequency currents. A local application of the effluve or oI 
vacuum electrodes is usually best. This should not be confined to the 
region of the lesion. but should extend to a third of the Su rlace of ve 
body. For instance, for eczema of the legs the applicat jon should ; 1e 
made to the whole of both lower extremities. rhe thang pepe 
should be applied over smooth dry bandages oF ont sles * m se nial 
of 50 to 75 milliamperes with scarcely any sparking c oh ‘he haut 1s0 
the clothes is applied directly over an acute scosimerrh aie the un- 
milliamperes with as little sparking as possible ee ei Roepe a 
affected skin. The applications should lnst fi out oe F should he 
during which the electrode is kept in constant motion r ah : tere 
made three times a week. As the case improves, stronger app | 
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ww the ease aleo with felons and cellulitis; the current having an indirect 
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bactericidal effect X local application ot high-frequency Currents 
immediately before an operation for cellulitis or abscess acts a3 4 local 
anesthetic. 

Herpes zoster, with its half-girdle of eruption and severe pain and 
its subsequent depression of all the vital forces, is successfully treated 
in this way. There 1s perhaps no better analgesic in zoster and inter- 
costal neuralgia than the application of high-frequency currents of 100 
milliamperes by vacuum electrodes. And if the application is made 
mot only along the course of the nerve but also along the spine anc over 
the abdomen, the disappearance of the eruption and the improvement 
In the general condition are very prompt. Herpes in other regions 
and of other types rarely requires this treatment and generally there 
Is some underlying cause whose treatment is more important than 
that of the cutaneous lesion. 

impetigo, again, 1s a disease favorably influenced by the local appli- 
cation of high-frequency currents freely over all the affected regions; 
100 milliamperes is the proper strength of current with the Oudin 
resonator and glass vacuum electrodes with leading-in wires. 

indurated cteatrices vield to treatment by high-frequency currents; 
vacuum electrode 100 milliamperes for about five minutes three times 
& week, keeping the electrode in motion. The z-ray has the same effect 
Of causing the disappearance of the induration by a process of absorp- 
tion and the two methods of treatment may be combined. Each ses- 
sion would consist of a mild application of the z-ray followed by the 
use of the vacuum electrode. 

A.eloid has been treated by the z-ray and high-frequency currents 
and often successfully. 

Keloids may sometimes be made to disappear and remain away by 
applications of a high-frequency high-tension electrode, at first directly 
In contact and then slightly separated, so as to produce a shower of short 
sparks distributed over the surface, A sort of crust is produced which 
falls off in a week or so. Thirty or forty treatments are required to 
effecta cure. A case of widespreading keloid of the interscapular region 
was treated in this way at St. Bartholomew's Clinic and returned a year 
later completely cured. 

Keloid appears to the author to be so distinctly due to a constitu- 

_ 4*As medicinal agents in these cases the best cifeets are obtained from boric acid 
ointment externally and two 5-grain tablets of calophen three or four times a day 
internally. The latter ix entirely innocuous and may be taken for a number of 
months even by the most delicate old lady. 
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‘carallascus contagiosim is one of the diseases mn which a cure haz 
heen reported from the local application of hngh-trequency currents 
felass vacuum electrodes with a current of 100 milliamperes) 
 Pryrifus.—For this symptom in almost any localit k high-frequency 
curent= are almost id spectiic. Printus ani i considered under 
‘he head of Rectal Diseases. Elsewhere the application should be by 
the efflive. faking care mot to rive many actual sparks, Or bs The Vacuum 
electrode. In the latter case there should be a good contact with the 
skin, facilitated by the use of powder, the current should produce very 
decided warmth with hardly any sparking, about 150 eure 
Relief is usually apparent at once. The production of = titen cise 
like “prickly heat” we igh eesred hn is usually unnecessary 
and in this case would be quite undesirable. Fa: : Sani 
z sora yields to high-frequency treatment JUST s&s = UOes ste 
many other stimulating ese apps _ eh OE eee Oe 
reported where the results appeared to De Perma oc atth « 
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selves. The preferable method Is to aR a -trodes with a current 0 
the surface and then to apply the vacuum € sist little spark-effect and 
not more than 100 milliamperes. Have very "i ©" 


keep the electrode in motion. Jieation if much more 
| to as in psoriasis and eczema, the SPE Ne esa application. 
cleanly agreeable, and convenient than any ites nfluence upon the sys- 
And to the local effect is added the beneficial 1 
tem at large. ae Bank! 
Skin-grafting.—Dr. J. Sherman Wight of Broo 
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high-Irequency currents in the surgical operation of Thiersch's skin- 
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any nature are quickly 
influenced by high-frequency currents. Many recom- 
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favorite method 1s by rubbing a WaCuwuMmM electrode Over fA light, dry 
covering Using this method. | : 
100 milliamperes with as little spark-fiect as possible. After the ulcers 
are practically healed, a stronger current may be applied, and when 
there is no raw surface at all, 150 milliamperes will be found to have a 
rol effect LU CMOr the swelling and induration ao often Dresent. hut 
even then care should be taken not to have any appreciable sparking, 
red punctate eruption the strength of 


the CUrrenti shouts at first he leas than 


and at the ap DCAraAnCe of a little 
the application should be materially reduced. 

Perforating Ulcer of the Feot—Qnudin! treated such a case successfully 
with the resonator current applied through a metal probe covered with 
cotton wet with a solution of cocain. 

Xanthoma Multipler—Cases of this disease have been treated 
suceesstully with the z-ray alone? and by a combination of the x-ray 
and high-frequency currents. The patches treated by high-frequency 
currents disappeared if the application was severe enough to blister 
the skin, otherwise they were not affected. | 

In all these cases where a local action upon the skin is desired the 
glass Vacuum electrodes seem to be the most effective. This 1s attnb- 
utable in part to the ultraviolet ray generated by the tube. The 
presence of this invisible light can be readily demonstrated by the 
fluorescence excited in a piece of Willemite held near one of these 
electrodes. 

High-frequency Currents in Periostitis, Cellulitis, Phlebitis, 
and Varicose Veins, etc.—Periostitis.—Bilinkin* gives a description 
of 11 cases treated by high-fr equency currents; § of them were tuber- 
cular, and all were either cured or very much improved. The appli- 
cations were by condensing electrodes, a type in which a metal rod 
passes down almost the ful] length of the hollow glass electrode, being 
Separated from the glass wall either by a partial vacuum or by oil. The 
discharge from such an electrode is unusually rich in the spark element. 
The applications were of five minutes’ duration three times a week. 
A case of extensive tubercular periostitis of the tibia was apparently 
entirely cured by twenty applications. A tubercular affection of the 
metacarpophalangeal joint of the thumb with entire loss of motion and 
No rar Officiel de la Societe francaise. d'electrotherapie, Jan., 1911, vol. xix, 
at. 2, OD. I. 

, Evans, Brit. Jour. Dermatol., 1902, p. 465. 

W hitehouse, Jour. Cutaneous Diseases, Oet., 14. | 

* Bulletin Officiel de la Societe francaise d’electrotherapie et de radiologic, Deec., 


I00G, abstracted in Archives of Electrology and Radiology . 
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Pponse TO (realment Was quicker than when the akin 

Is agrees with the author's view that the ky nehcis| 

effect of high-frequency currents in suppurative diseases ie due to their 


favoring the Process of elimimation. An Oueclin resonator ora d "Arsonval 
Lra©r afo He! shoule he usc Wit h eit her Vacuum electri * lps 01 condensing 
electrodes, applying a current of 150 to SN) milliamperes for fire or 
ten minutes three times a week. If the skin js broken the author pre- 
fers to make the application over dry dressings. The x-ray js often 
of service in combination with high-frequeney currents in thece cases. 
er lauliiis ani Mscess may be very quickly disinfected after INCISION 
and caused to heal promptly. The best method of application is over 
4 mort d Pressing, using 2 Vacuum elert rode trom the Ohuicin or the 
d’Arsonval, and applying a current of 150 milliamperes for five minutes. 
Where there are sloughing tendons or other tissues which have to come 
away by slow process. healing cannot take place at once, but even here 


the application is distinctly worth while because of its analgesic and 
antiseptic effects. 

Pilebitis and Varicose Veins.—This treatment 1s effective in reducing 
the swelling and induration remaining after an attack of phlebitis or 
periphlebitis. This is ecco pianos by its eliminative effect: and then 


if the treatment is continued the circulation becomes normal and the 
patient is saved from the consequences of such trouble—uleer and 
varicose veins. In a case referred to the author by Dr. Charles McBur- 
hey the cireumference of the affected leg was 1? inches greater than 
that of the sound leg. There were characteristic brownish-red spots 
the size of a silver dollar or twice that size. Over these the epidermis 
was very thin and at times there was a serous discharge. There was 
no varicosity as yet. The treatment by high-frequency currents (ultra- 
violet light the patient called it at first) was begun about a year after 
the first appearance of the trouble. Its first effect was to cause the 
entire disappearance of the cramps, Which had been a painful feature 
of the case, The next Was 4 change in the amount ot swelling, which 
almost disappeared in the morming, but still recurred toward night. At 
the present writing the case has remained cured for two years after 
cessation of treatment. The swelling disappeared and the spots on 
the skin are normal. The treatment consisted in the application of a 
glass vacuum electrode, connected with the Qudin resonator, to the 
Whole surface of the limb. Powder was used upon the skin and the 
electrode was kept in motion. The current was at first 150 milliamperes, 
and even less over the chronic inflammatory spots. Later it was grad- 
ually increased until 200 milliamperes were applied to all parts of the 
limb. While under the author's care the patient was taking 10 grams 
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of salophen three times a day and applying an ointment of salicylic acid 
and Cheeecborough zinc-oxid ointment to the chronic patches, and an 


astic stocking was worn. The treatment was given three times a week 


es TH 
for two whole winters. 

(Cases with varicose veins require a very much longer time to cure 
and the author’s belief that they can be completely cured is founded 
pon thie marked be fit experienced atl ilk short lime by Se 2 vere 
eases. The technic suggested is the glass vacuum electrode with a 
current of 150 to 200 milliamperes from the Oudin resonator for ten 


minutes three times a week. Of course, an clastic stocking should be 


worn until a cure is effected. 


DIATHERMY, OR THERMOPENETRATION 


These names have been applied to the application of high-frequency 
currents of many hundred milliamperes or even over an AIpere, Tenors 
ting a fret deal of heat in their i Roo a through the tissues of the human 
body. Their frequency must be about a million oscillations per second 
in order to avoid sensory and motor effects, but their voltage is rela- 
tively low; and for many purposes their currents are applied by metal 
electrodes, either bare or covered with wet cloth, in direct contact with 
the surface of the boady. 

Thermopenetration or Diathermy.—Nagelschmidt! has been chiefly 
instrumental in developing this line of high-frequency treatment. Essen- 
tially, if consists in the application of high-frequency CUITEeNntS ct com- 
paratively low voltage and great milliamperage, and very often em- 
ploys two metal electrodes, with or without a covering of wet cloth and 
connected with the ends of a d’Arsonval coil. ‘ 

The original d’Arsonval high-frequency apparatus, with two elec- 
trodes applied to the surface, generated a demonstrable amount of heat 
In the body, 

At each Leyden Jar discharge across the spark-gap a short series of 
exceedingly rapid oscillations was set up, which very quickly died out, 
just as the vibration of a guitar string may be arrested by the pressure 
of the hand. The currents flowed for only a small fraction of the time 
between successive discharges, and it was impossible to transmit a suffi- 
cient quantity of electricity through the bodily resistance without using 
an excessive voltage. : 

; Three different methods are available for producing the stronger 
currents required for diathermy. One employs an ordinary induc- 
tion col with condensers, D’Arsonval solenoid, and a series of sometimes 
as Many as nine very short spark-gaps. This results in a very rapid 
reaction it of discharges, ach of which produces its series of damped 
oscillations. The apparatus is based upon the Telefunken Company's 
apparatus for wircless telegraphy and is very effective. 

__ 44 quenched spark is one in which the hot gases are immediately re- 
{subi erg tte current flow stopped, just as Sn ordinary arc may be 

ee OME by & strong current of air. Spark-gaps with such a character 
mene Lsscpaea Pipa more | ser succession of sparks than when the 

Can 3 ie done were well Alga seats the very object of the fap. his 
that the hint ssi ties » a. the terminals on revolving wheels, 80 

~ , 403 are carried away mechanically and new, cool metal 
PF. Nagelechmidt, Lehrbuch der Diathermie, 1013. 
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applied directly to the patient as with the DeForest needle. the cane raed 
for thermopenetration iz taken irom the two ends of a secondary anal 
which surrounds the self-inedwuc tance of the singing are circuit. — The 
direct electric-light current supplies a current of about 6 amperes to an 
are lamp which has an inductance in shunt to it. The current becomes 
an oscillatory one, and the arc emits a musical Mote from the rapid 
alternation between greater and lesser expansion of the hot gases between 
the electrodes. ‘lhe currents supplied to a patient, also in shunt. con- 
sist of undamped oscillations of a sufficient frequency, about 1.000.000 
per second, and lasting a large part of the time between one stronger flow 
of current at the electrodes and the next. Theoretically, this seemed to 
solve the problem, but it was very soon found that a lack of uniformity 
In the operation of the arc lamp offset all the advantages of the un- 
damped oscillations, except the quantity of electricity. Surrounding 
the arc with an alcohol flame improved matters somewhat. and. for 
certain surgical applications, this is a satisfactory method of thermo- 
penetration, but for a constitutional effect the other apparatus 1 much 
to be preferred. 

The electrodes for diathermy may be of bare metal when applied 
to some insensitive surface, with a good area of contact, as when the 
electrodes are held in the hands and sometimes when they are applied 
to opposite sides of alimb. Very often, however, it is better to cover the 
electrodes thickly with cloth wet through and through with a weak solu- 
tion of sodium bicarbonate. Diathermal currents are also applied in 
autocondensation, using the same large insulated metal sheets employed 
with the d’Arsonval currents. 

lt is essential, except in autocondensation, that there shall be a good 
contact when the current 1s turned on or off and during the entire dura- 
tion of its flow. Disregard of this precaution results in very hot, pain- 
ful sparks. . 

The effects of diathermy, which are most important, are due to the 
production of heat in the tissues caused by the same ohmic or frictional 
resistance to the passage of a current of great milliamperage, as in the 
case of a flatiron heated by an electric current. : 

If electrodes about 2 inches in diameter are applied at opposite 
sides of a piece of raw meat, the latter may be cooked all the way through 
along a direct path between the two electrodes. Placed a little distance 
apart upon the same side of a piece of meat, the latter is cooked to only 
4 certain depth between the electrodes. Applied to opposite sides of a 
patient’s jomt there should at first be no sensation; if there Is, 1 
means that the contact is imperfect, the metal not completely covered 
by the wet cloth, or that there is an abrasion of the skin which should 
be covered by adhesive plaster, or that the current 1s too strong, OT, 
more often, that the cloth is not wet all the way through. After the 
proper current bas been turned on for a very few minutes & setse & 
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The therapeutic importance oO 


that heat is developed m the depth of the tissues, and not merely LipOn 


with ordinary hot applications. The beneficial result is 


the surface, 23 7 : oe , 
from an increased blood and lymph circulation and increased activity of 
tissue metabolism. Gouty deposits often disappear, aclatica and other 
cases of neuritis are often cured; asthma 1s often relieved as by no other 
electric means. Traumatic and milammatory swellings and deposits 
are benefited. Gonorrheal rheumatism is benehted by a bactericide 
action of the high temperature produced inside the joint. 

Nagelschmidt’s autocondensation couch for diathermic currents is 
of wood with a metal plate under and a hard-rubber plate over it; and 
entirely covering the patient is a flexible sheet of metal netting with a 
flexible rubber covering. Schittenhelm's is like the one used by the 
author (page 557). 

Monopolar applications of diathermic currents are made with the 
same condenser electrodes (glass vacuum electrodes and glass or hard 
rubber electrodes filled with graphite), as for ordinary high-frequency 
currents, and also with the same effluvers. | 

Bipolar applications of diathermie currents sometimes employ one 
or more large metal cylinders to be held by the patient, but very com- 
monly metal plates of a nature to be somewhat moulded to the surface, 
still with sufficient rigidity to allow of firm pressure being exerted by 
a wooden handle or by a bandave. Some plate electrodes include a 
resistance thermometer, connected with a separate electric apparatus, 
which indicates the temperature attained at the place of contact with 
the skin. Others are made with an insulated backing, and the tempera- 
ture may be determined by touching with the finger. Six thicknesses 
of wel gauze form a suitable covering for the electrodes. Water elec- 
trodes, like the shallow four-cell bath, are sometimes uzeful. 

The marginal effect, which is to be avoided, is a concentration of the 
current when two electrodes are close together and the skin is unduly 
heated at the closest points. | Pas : 
A sicastnae movin Seatane pre Rance is no electrolysis in the ordi- 
aril Saenger as a be oan ¢ the tissues to warmth is the 
pibakeat cise Of tanec: me CU Tent. In transverse penetration the 
fat anil w temperature occurs in the skin, less in the bone, muscle, 
stand eat in nerve.” I longitudinal r parle conduction the cond 

© exactly reversed. In the use of the autoconduction cage the 
current traversing the solenoid is measured by a hot-wire milliam ere 
oi ee one pole of the generator and one terminal of the sole- 
bod. 20 Mmportant mse of temperature occurs in the body. A small 
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With bipolar clectrodes 300 or 400 ma. or more causes arterial hyper- 


emia of the skin with reflex stimulating effects, such as perspiration 


and a sense of heat. ‘There is a sedative effect. upon itching or pain ane, 


also a derivative effect, as well as a temporary increase in blood-pressure 
consequent upon skin irritation. 

The regular bipolar diathermy produces no motor or sensory effect 
except that of warmth. ‘he skin and blood and living bone are chiefly 
warmed. The local temperature ts raised by therapeutic applications 
of 40° or 45° C. Higher temperatures, even 45° to 40° C., which are 
below the temperature of coagulation, may injure the tissues by precipi- 
tating globulins. A temperature of 80° C. coagulates albumen and sepa- 
rates the skin into two lavers, a blister externally and leathery beneath. 
Rone retains its consistence, and the other tissues form a soft coagulum 
removable with a sharp spoon. The final effect is complete carboniza- 
tion. 

The secondary physiologic effects of diathermy result from increased 
cellular activity from warmth reaching the intimate structure of differ- 
ent organs. Diathermy through the heart, with the active electrode 
over the sternum, in therapeutic doses in healthy animals, increases the 
pulse-rate and raises the blood-pressure temporarily without any effect 
on the respiration. Transversely through the chest there is a similar 
effect upon respiration, but none upon the circulation. A condenser 
application, as from a glass vacuum electrode, raises the general blood- 
pressure by stimulating the surface vasoconstrictors. Diathermy 
through the body, as by the four-cell bath, lowers the blood-pressure 
by relaxation of the splanchnic vasomotors, and the same 15 true to some 
extent with autoconduction and autocondensation. 

The local effect of diathermy by contact application is evidenced by 
an experiment of Nagelschmidt. An incision m which hemorrhage 
has been stopped by pressure begins to bleed freely if diathermy 1s ap- 
plied from electrodes at either side of, but at a distance from, the meision. 
After an ordinary treatment the place of application remaims hyperemic 
considerably longer than if the electrode had been pressed upon the sk a 
without any current, and for quite a while afterward the skin 1s hy Sa 
sensitive and in a dermographic condition. Another of his experiments 
shows that diathermy of a part of a forearm in a blue condition ster 
Bier’s hyperemia will become a bright arterial red on the application © 
a diathermic current. Sven aaa 

The effect of these currents upon nerves 15 to produce a sense = 
warmth, and also to stimulate those which are distributed to Jace 
organs and increase the secretion of the latter. The ra ars ; 
vasomotor and cardiac and respiratory nerves has already pepiomriesae 
to, and so has the lack of effect upon motor nerves by the currents ar 
the very great effect by the spark. The indirect high-frequency sary 
applied to a metal electrode already in contact with the skin, Is ees 
ingly active in exciting muscular contraction, and is 4 soap a2 et 
ment upon galvanic and faradic currents for this purpose. safe 
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lf the skin becomes too hot before the treatment 1s fimshed the cur- 
rent may be turned off and the electrodes dipped im cold water. The 
patient’s sensations should not. be taken as the sole guide, because some- 
times a degree of tolerance is established to currents strong enough to 
blister the skin. 

The duration of the application usually varies from three or four to 
ten or fifteen minutes. 

The application requires expert attention every moment of the time, 
and should not be entrusted to a nurse or an untrained physiman. There 
is the danger of overheating the surface tissues, and faintness or col- 
lapse from the passage of too strong a current throuzh the heart or the 
DTaln. 

Diathermy in Circulatory Diseases.—The conditions in which the 
treatment is chiefly useful are classified by Nagelschmidt as high arterial 
tension, relaxation of peripheral vessels, cardiac hypertrophy, cardiac 
dilatation. 

Anomalhes of Rhythm and Frequency.—aA large electrode is applied 
between the shoulder-blades and another over the front of the chest. 
This stimulates the heart-muscle and relaxes spasm in the coronary 
arteries, and is useful in cases of mvocardial degeneration, some valvular 
lesions, and angina pectoris. A neurysm of the aorta shows subjective 
Improvement, and a case of coronary disease which resists treatment by 
diathermy is regarded by Nagelschmidt as indicative of beginning aortic 
aneurysm. Arteriosclerosis of the brain is treated by a bipolar applica- 
tion or by a small solenoid surrounding the head. Local asphyxia, 
intermittent claudication, and Raynaud's disease are all treated by a 
bipolar application. 

Effluves and condenser applications are indicated in low arterial 
tension from relaxation of the peripheral arteries, and I have obtained 
remarkable results in cases of phlebitis. 

Diathermy in Respiratory Diseases—The bipolar application, 
through the chest from side to side, is excellent in acute and chronic 
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the operation of decapsulation. It is especially indicated in cases of 
high arterial tension when the primary cause lies in the kidneys. It is 
of the same doubttul value in bacternal diseases of the kidney as of the 
lung. Dntathermy has an excellent effect in colitis, intestinal adhesions. 
and chronic appendicitis, but will aggravate the latter disease if suppura- 
tion 1s present. [his may be excluded by a count of the white blood- 
cells. Biliary and renal colic are benefited, except, of course, cases 
requiring operation. Achylia gastrica is benefited, but the opposite 
eondition of hyperacidity is rather a contra-indication, because of the 
possibility of a latent ulcer which would be aggravated by diathermy. 
Nervous gastralgia, dyspepsia, and disturbances of motility are benefited. 
Nagelschmidt distinguishes the cases of exophthalmic goiter due to 
hyposecretion, and which should be treated by diathermy, from those due 
+o increased secretion and which should be treated by the z-ray. A single 
tect administration of lodid aggravates a case calling for diathermy. 

Diathermy in Gynecology.—The best results are from a large indit- 
ferent external clectrode and an active vaginal electrode. Suppurative 
processes are a contra-indication, but outside of them the current ts of 
the greatest value in adhesions, uterine displacements, oldexudates, and 
ovarian neuralgia. A strong application to the entire mucous membrane 
of the uterus is advised in acute or chronic gonorrheal endometritis. 
Sterility from infantilism is an indication for this treatment. — 

Genito-urinary Diseases in the Male.— Gonorrhea Is curable, re 
the application is by no means a simple one. «A special jer aaa oe F 
a temperature imdlicator, TOUS be used which will reach Sins Loaai acs 
the urethral mucous membrane in turn and raise the temperature we E- 
tissues to 434° or 46° C. Santos has succeeded in producing aC oe al 
cure in a single application, lasting ninety minutes. Chronic BO eal 
areas and indurations and strietures are all curable by the mage serail 
applied in the urethra. Incontinence GF urine: & say pane, SPEED 
neurasthenia is treated by diathermy intra-urethralls if pos we oo 
otherwise, with one electrode in the rectum or Ge frre hae of the 
neum. Impotence of a psychic type see %, sap SATE of the glans, 
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ata it is effective also in many other forms of acute and chronic arthritis 
and in tenosynovitis. ae | 
Among diseases of the nervous system sciatica 1s treated success- 

fully hy energetic diathermy of each separate part of the nerve, but, of 
course. the effect will be only palliative if the pain is secondary to 
disease of some internal organ which remains undiscovered and un- 
treated. Supra-orbital neuralgia and many others are cured. The 
result in herpes zoster is more uncertam. J rigemtnal neuralgia some- 
times vields to heavy diathermic currents applied externally, and in 

enme of the cases in which this has failed Nagelchmidt has made an 

exceedingly valuable observation. He finds that in these eases the 

attacks of pain are excited by any contact or change of temperature or 

movement of the mucous membrane of the mouth, and that this hyper- 
esthesia can be cured by the application of a vacuum electrode to every 
part of the mucous membrane. Very weak currents have to be used at 
first, as the application itself may bring on an attack of pain; then 
stronger and stronger currents. During a ten or fifteen minute applica- 
tion the current must be turned off several times and the glass electrode 
cooled. Chorea minor in children may be cured by diathermy. 

An important application of diathermy is in the treatment of loco- 
maior alazia. Improvement takes place in a great majority of cases, 
chiefly in the lightning pains, the hyperalgia, and the incontinence. 
The patient's general condition is also better. My experience has not 
led, however, to the belief that a cure for the disease has been discovered. 
General treatment by the vacuum electrode is important. The effluve 
is suitable for the lancinating pains and the vacuum electrode for the 
girdle sensation. The latter application is to be very weak at first, but 
gradually increased on different occasions. Some cases which are not 
benefited by weak are by very strong applications. Small, very painful 
areas are treated by the bipolar contact application, which may at first 
employ electrodes at opposite sides of the painful area in cases where 
direct contact would excite pain. Gastric crises yield to the effluve. 
Vesical crises are treated with a metal catheter in the bladder full of 
water and an indifferent electrode held in the patient’s hand and a dia- 
thermic current of 50 to 100 ma. By a course of treatment of this kind 
the muscular tone of the bladder and of the sphincter may be restored, 
although sensation and the normal impulse to urinate are still lacking. 
The patient is directed to urinate every three hours, and is enabled to 
almost or quite empty the bladder. Another effective application is 
with a higher voltage and indirect sparks: an indifferent electrode is held 
in the hand or upon the lower part of the abdomen, another metallic 
electrode extends into the bladder, and sparks are applied to its external 
end. This last treatment is also applied to the rectum for lack of mus- 
cular tone. Painful arthropathies are benefited by energetic bipolar 
diathermy. 
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Aanthelasma has often been pe et ee 
Nagelschmidt. The weakest dinthestiis GHGEe Eee by 
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— that some edema of the eyelid will occur, but will not do an 

In all these cases, and also in small papillomata, fibromata. atherc- 
mata, and cysts the patient holds an indifferent electrode in his hand 
and the needle is inserted before the current is turned on. | 

For small superticial telangiectases the needle is not to puncture the 
blood-vessel but Just Lo De pressed aramst the Srkace during the second 
that the current flows. There should be enough space between the 
several points treated to prevent the confluence of the little sores 
caused thereby. | 

Surgical diathermy, in its different forms, employs verv much stronger 
currents than the above, and is described elsewhere (page 618). An 
important method is a bipolar application of low tension, high-frequency 
currents of sufficient milliamperage to coagulate and devitalize the 
tissues in the neighborhood of the active electrode or electrodes. The 
maximum high-frequency current required is 400 volts and 2 or 3 amperes. 
For most purposes both electrodes are active and are thrust into the 
tissue to be destroyed, but for some delicate work there is one large indif- 
ferent electrode and another small active one. The effect is one of cO- 
arulation-necrosis. The heat sterilizes the eschar, which may be leit 
to separate naturally, or may be cut away if the operation must be carried 
deeper into the tissues. This is better than thrusting the electrodes so 
deeply into the tissues that the effect cannot be observed. ‘There is no 
hemorrhage. Many varieties of tumors are treated by diathermy, a 
is said to be very much the best means of operating upon hypertrophie 


tonsils. It is suitable for some inoperable cases of cancer, ancl = 
times as losing the lymphatics are 


a preparation for an operation by ck page tae 
lessening the danger of absorption from the cut surface. Hemorrl 
and large or small benign as well as ma 

in this way. 


lignant tumors may be treatet 


Prostatic obstruction due to small | ths of various ete 
been successfully treated! by the direct application of he od 
currents by a wire passed through a cystoscope. The wite © Me tg 
exeept for an extremity of 4 inch, which ts pressed against [h 
be destroyed or cut through. 

i Henry G. Bugbes, New York State Jo 
1913, p. 410. 


growths of 


urnal of Medicine, vol. xii, No. 8, August, 





ae es. MEDICAL ELECTRICITY AND RUNTOEN HATS 


Technic of Diathermy for Hemorrhoids. Thie is suitable for large, 


ding internal ones. Move bowels. Allow hemorrhoids to pro- 


I “a lsaree dispersive electrode is under the patient 


trode. (amainize. 

4 " | in a. | ] || | i i | 
side, A small active electrode i applied, and the hemorrhoid ie held 
with forceps if there is a tendency to reeccde burn on current slowly 


turn off instantly. Current about 500 ma. 


until patient savs it is hot; 


Apply several times to different aspects Humphris, “Electrothera- 


pcutics. 
Electrocoagulation, employed by Doyen and others as a preliminary 
fo excision of uterine and other cancers, may have one small, active. 
possibly puncturing electrode, and a large indifferent electrode or two 
small active electrodes. In either case the thermopenctration current is 
weed. and the tissues are fairly cooked before they are cut with the knife. 
Dissemination through the Ilymph-channels and blood-vessels is pre- 
vented. 

Undamped Oscillations, Duddell’s Simpgimg Arc, and the DeForest 
Needle.— High-frequency currents with damped oscillations are analo- 
gous to the quickly suppressed oscillations of a tuning-fork m water, 
while the long-continued series of oscillations of uniform extent, when 
only the obstruction of the air is encountered, gives a better idea of 
undamped oscillations. One use of these oscillations is in connection 
with the DeForest needle or cold cautery. This is like a small platinum 
blade, which has a handle insulated by glass or hard rubber. The direct 
electric-light current passes through an arc lamp in which the electrodes are 


Fic. 384.—DeForest needles. 


broad and close together: the electrodes of the lamp are connected with 
a self-inductance and a condenser. Viewed in a revolving mirror, the 
are lirht may be seen to fluctuate with the alternate charge and dis- 
charge of the condenser: these oscillations are superimposed upon the 
direct current forming the are, and the alternate greater and less heating 
of the air may produce a musical note (Duddell’s singing arc). The 
undamped oscillatory current free from the direct current may be taken, 
usually as a monopolar discharge, from either end of the self-inductance. 
A heavily insulated wire carries this current to the DeForest needle. 
The current has oscillations of the usual high frequency, but of very 
low voltage, usually not more than 100. No long sparks, therefore, can 
pass from the needle to the patient. The needle itself remains cool, while 
the current encounters much greater resistance in the tissues, which are 
therefore cauterized. In one method it does not touch the surface, but is 
drawn along a straight line near the surface, the sharp, hot, almost noise- 
less spark cuts the flesh like a knife and leaves a clean red surface, not 
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chs mre or I Hackens ic] 


: » but without any capillary hemorrhage. The cut 
aurniace is stenile. 


Sea This makes an ideal method for tiany sorts of surgical 
cutting, incising abscesses, and especially excision of tumors, where it 
has the great advantage over the knife that it seals the capillaries and 
Inmphatics Agamst Intection from the tumor elements. Lt is not suited, 
however, to such work as freeing a nerve or a tendon from aclhesions. 
Tt would not be a desirable means of operation upon an artery. 

The other application of the DeForest needle, by which it is plunged 
into the tissucs, produces a recular coagulation-necrosis of rreater or 
less extent, depending upon the depth to which the needle penetrates and 
the length of time for which the current is applied. It is suited to the 
destruction and sterilization of a tumor of any size or nature. The 
entire outhiit may be portable. 











PHENOMENA ACCOMPANYING THE TRANSMISSION OF 
ELECTRICITY THROUGH GASES 


It 1 only static other very high-tension electricity which can be 
transmitted through cases, and the general consideration of the subject 
may be entered upon at this place L neder ordinary conditions the air 
or any other rs in contact with id charcecd bocdy (ore: not become 
charged and is not a conductor of electricity. If it did so, of course, the 


body would soon lose its charge by a process of convection: each por- 
tion of the air as it became charged being repelled and giving place to 
another portion, which would in turn take away a certain portion of the 
charge. Since gases do not ordinarily become charged in this way. it 
is Interesting to note some of the ways in which it can be accomplished 
and in which thev can be rendered conductors of electricity. 

(gases in contact with the suriace of liquids in which splashing or 
even quiet waves occur become electnfied. One of the practicable 
forms of static machine is dependent upon the charge acquired by a 
jet of steam. These are some of the ways in which a gas may be ionized, 
a condition which will be explained later. 

Other means of ionizing gases and rendering them capable of receiv- 
ing and transmitting electricity are of greater interest in electrotherapy, 
among them are especially exposure to the z-ray, the ultraviolet ray, 
and some of the rays from radio-active substances, also by the passage 
of a spark from an induction-coil. This is the way in which the current 
is started through the mercury vapor in some forms of the Cooper 
Hewitt and similar lamps. 


IONIZATION OF GASES 


By some one of the above processes, or of several others which might 
be mentioned, some: of the molecules of the fas are dissociated into 
positively and negatively charged ions. An excess of positive 10Ns in a 
gas will, of course, cause the gas to have a charee of positive electricity. 
‘An example of the way in which this may come about is seen when a 
gas becomes electrified by contact with an incandescent metal or by 
the passage of an electric are through it. In consequence of the high 
temperature some of the molecules of the eas become dissociated into 
positive and negative ions. Some of these combine with the incan- 
descent metal or with the terminals of the are. In the resulting com- 
pound the metal is the electropositive element and will take negative 
ions from the gas and leave the latter with an excess of positive ions. 

The Atom According to Sir J. J. Thomson.—It is composed of 
electrons Or negative particles grouped in approximately co-planar and 
concentric circles and in active revolution, the system being within a 
sphere of positive electricity. The number of electrons in an atom is 
calculated to be eight times its atomic weight.! 

fons are atoms charged by electrons which are supposed to be 

'H. A. Wilson, Phil. Mag., xxi, p. 715, 1911. 
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Alr tonized by the z-ray ret 
or 1f heated, 


pe 
pow b= 


thus made to assume is able to discharge negatively 
it comes in contact with them. 
| ams this Property u blown through a bellows 
but it loses its condition of tonization if it is made a1 
hubble through fi licyuicl Or to pass thro. Loh “1 plug ce mineral wool. or 
if a current of electricity is passed throuch it. A cas ionized by the 
r-ray rapidly loses that propert y by contact with either non-conductors 
(insulators) or conductors. | 

Electropositive metals lose negative charges to the air when exposed 
to ordinary light and do not require the presence of ultraviolet rays. 

A gas which has been tonized and rendered a conductor of elec- 
tricity will transmit electricity at a certain maximum rate which 1s not 
exceeded, no matter how much the potential or voltage may be in- 
creased. The most satisfactory hypothesis is that each ion of gas can 
earry only a certain charge of electricity, and with a definite number 
of ions liberated in the gas only a certain rate of transmission of the 
current ig possible. An ton which has performed its function of carry- 
ing an electric charge apparently becomes neutralized or bound A ERIEL 
and is no longer capable of carrying electricity. Hence, a layer of 
ionized was ceases after a time to transmit the current, and a thin layer 
ceases sooner than a thick layer. The maximum rate at which a sue 
will transmit electricity is different in various gases and 1s called their 
saturation current. That of mercury vapor is about twenty times the 
saturation current of air. It is interesting to note that the absorption : 
the z-rav by different pases 15 In proportion to their saturation “a, 

There are two different ways in which the extent to hase 
been ionized is used in practical therapeutic measurements.” i 
method is by observing the time which an electroscope Tea 
berome discharged atter having received a standard Se Ra aes 
exposed to ionized air, This method has been used x 2 . troscope 
ment of the amount of r-ray applied In anerapee es avs nosed 
being placed at a certain distance from the 7 TAY Ut i ont is being 
to the direct rays from it at the same time that She Bett arged 
treated. The rapidity with which the cil ete rie surrounding air, 
certainly does indicate the degree ot Lona be . of the r-ray or even 
but whether this is due exclusively to pap ea pE AP means of z-ray 
bears such a practical relation to it as to cad of measurile the electric 
dosage is a serious question. Another methoade 
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nductivity of jonized air is by having a thin layer of air between metal 
Wates which are kept ata constant difference of potential by a galvamie 
hattery, and ionizing the sir by exposure to radium or other rays. ‘The 
ionization of the sir allows a current to pass across the air space and 
complete the circuit. The strength of thie current as shown by a gal- 
vanometer indicates the degree of tonization of the air. This method 
in constant use for messuring the radio-activity of uranium, polonium, 


thorium, and radium. | 
The conductivity of 1omzed air influenced by pressure, but varies 


ither as the pressure or as the square root of the pressure. 


Hertz discovered in 1587 that when ultraviolet light falls upon a 
spark gap the discharge is facihtated. This was the basis of photo- 


electric signalling. The artificial hght mchest in the ultraviolet ray 
was found to be an are light of which one pole was zine or cadmium. 

Cathode, Lenard, and z-rays all render any gas through which they 
Pass conductor of electricity. : 

An ionized gas is an electrolyte, 1. ¢., a substance through which 
electricity may pass and in which the current is formed by the motion 
of positively charged ions in one direction, and negatively charged ions 
in the other direction. In the case of a liquid, which ts really the most 
characteristic electrolyte, the accumulation of electropositive ions at 
one pole and of electronegative ions at the other pole is so great that 
there is a demonstrable change in molecular composition. The libera- 
tion of hydrogen gas at one pole and of oxygen gas at the other when 
electricity is passed through water is an example of this: the water being 
an electrolyte, and the chemic change being called electrolysis. The 
motion of the ions toward one pole or the other may be called phoresis. 
Cataphoresis, or the motion of electropositive ions through an elec- 
trolyte toward the negative pole, has important uses in electrothera- 
peutics. 

This same process of electrolysis takes place in solids and gases, 
though the molecular change or the change demonstrable by chemic 
analvsis 1s of far less importance than is the transmission of electricity 
and its secondary effects, radiant and otherwise, produced by the trans- 
mission of the current. 

lf a platinum wire is heated red hot in hydrogen gas, the platinum 
becomes positively, and the hydrogen negatively, charged. The same 
is true of iron or palladium wires. Air and all other rases differ from 
hydrogen in being positively charged, except mercury vapor, which Is 
not charred at all. 

If an electric arc is passecl through oxyeen pas the oxVren becomes 
positively charged and will discharge a negatively charged body, or 
will give a positive charge to an uncharged body. The reverse effect 
is produced when an electric arc is passed through hydrogen. 

Positive and Negative Ions at the Same Discharging Point.—J. Zeleng! 
finds that ions of both signs can be detected near a point from which a 
Static current of unvarying polarity passes through the air to a plate. 
W Ith a discharge of 7 micro-amperes and the point positive, the number 
of positive ions is 250 times more than the negative ions 

Gases which arise from flames are electrified and are conductors 
of electricity. Both positive and negative ions are to be found in a fame; 
these make a flame an excellent conductor of electricity. 

' Phys. Hev., xxxiii, 1911, 70. 
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of sulphuric acid upon iron possesses a strong positive charge. 


According to J. J. Thompson's observation, the prestnee of an 
electric charge upon a drop of water tends to prevent the evaporation 
of the water. Crookes, on the other hand, has found that evaporation 
takes place more rapidly from the surface of water which is negatively 
electrified than when the water is not clectrificd. Masearet’s obaerva- 
tion is that either positively or negatively charged water evaporates 
faster than water which 1s uncharged. The possibility of error in these 
observations lies in the lack of uniform conditions as to the humidity 
and the temperature of the surrounding air and as to mechanic cur- 
rents in it and in the lack of uniformity in the conditions which would 
ionize the air and influence its electric conductivity. If the air in con- 
tart with the surface of the water were lonized 1t would receive : 
charee of electricity from the water and be repelled from 1t, giving 
place to a fresh portion of air, which in its turn would be charged and 
repelled. Each portion of air would, of course, absorb more or less 
water and the result would be a more rapid evaporation than the nor- 
mal, just as if a current were produced in the air in any other way. 
There are many wavs in which the air might become accidentally ton 
ized to a sufficient extent to affect the result In an experiment ol this 
kina. 


THE PASSAGE OF ELECTRICITY THROUGH A VACUUM 


If the air or any other gas in a glass tube be partially exhausted by 


means of an air-pump, and there are two Wires leading Into 1, the 


phenomena observed on connecting it with the source ol high potential 
electricity may vary with the degree of exhaustion. ll take pl: 

Before the tube has been exhausted i discharge wil take Phe 
through it as a zigzag spark passing through It from one lets eae , 
other, and the same is true of a tube in which the gas has been exhausted, 
but into which air has entered in consequence of a leak or > aati 
Such a state of things sometimes occurs with an 7-ray oF Se retin 
indicates the presence of so large a leak that no amount of Tes ae 
of the vacuum will be effective until the opening has been eanes ‘not 
sealed up. The discharge through a tube im thus sees c zak 7 
differ materially from that which takes place through oe bse 
diel ae ars the lniter ease the distance “acPOSs which the serene ie a 
pass 14 strictly limited to the number of inches which woe aT 
the voltage or the difference of potential of the two poles. o” a aca 
length ehieh certain voltages will produce 1s breed Rat esia : ae 
depends partly upon the shape and material of the pote rk ne filled 
faces, A spark 1 inch long through the open alr, bes In & tube | 
with air, requires at the least a potential of dasa bind 
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gree of yep abmosphere 
on the passage of a continuous current, 


n. The moment the current is made inter- 
a = i 

‘lights up. The illumination aleo takes 
‘vapor or certain other eases, 

becomes filled with reddish, 


-tension interrupted current is 


1 ' 7 = 
| -. _ ¥ i | ee eo nt |) 
SAC DSS hrouch it. 


if more or [ess stratified, sceming to pass through the tube 


res. (Geissler tubes (Pig. 385) of different shapes were favorite 
laboratory toys and were the forerunners of the Crookes 
modern focus z-ray tube. <A tube which becomes filled with bluich or 
redaish heht allows the cathode str Ain tO pass curecths from the cathode 


a | be | | r mt 7 7 ony . a rT = . = . = = 
to the anode and does nol present as preat resistance to the passage oi 


electricity 42 One WIth & hiche! derrce cif VYRCUUMML, ., «., from which the 
gas has been more completely removed, and it does not gencrate a 
useful quantity of z-rays. The study of all the phenomena caused by 
the cathode rays has becn more successfully periormed upon the tubes 
With & higher Ww ELOULLTEE, 

A Crookes’ tube is a glass tube containing an almost complete va- 
cuum of about moo oa atmosphere, 

Crockes* theory in regard to a tube exhausted to this dezree was 
that the molecules were so few and far between that they could move 
from one wall of the tube to the other without encountering other 

molecules. This is the ultragaseous state of 
matter. It was formerly believed that the 
cathode ray consisted of molecules of the 
residual gas, but it is now thought to consist 
of particles of matter, perhaps only one- 
thousandth the size of an atom tom from 
the atoms and thrown from the surface of the 
cathode. 

Such a tube offers great resistance to the 
passage of electricity, and even with a source 
of very hich potential will transmit a current 
of only a few milliamperes. If its two termi- 
nals are simple wires leading into the tube not 
much change may be noted on turning on the 
current. There may be a little fluorescence 
of the glass around the negative pole and this 

ay be of the greenish-yellow tint which 1s 

excited in ordinary glass by the cathode ray. 

This is apt to be greatest around the cathode 

or necative Wire. The rest of the tube may 

_ 2 : r present little or no color, there will be some 
aoe 385.— Geissler take Loatine of the class near the two wires, and 

Cathode stream attracted by CAE 1c £ 4. 
finger. this is often greatest near the cathode. 

While a simple Crookes’ tube of this con- 
struction does not look very unusual, the phenomena taking place in It 
are of great interest and their study led to the discovery of the 2-ray. 

The Cathode Ray.—The most important phenomena produced 
by the passage of electricity through a Crookes tube are results of the 
cathode ray. This is probably a stream of material particles much 
smaller than atoms driven from the cathode at a right angle to its 
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. The cathode stream 1s invisible, but its presence can he 

Bry 7 ' : 1 5 ' , s ih do Pp ie} 
ily demonstrated to the eye by the fluorescence which it will excthe 

n various gaseous, liquid, or solid substances placed inside the tube 


and by ‘he mechanic motion which i will produce. Sometimes in an 


z-ray tube if the vacuum becomes very low the visible Huiorescence 
produced by the passage of the cathode ray through the gas can be seen 
1 ri i L. = ~ are ate 7 | : 2 E _ = =s “a ry el 
a bluish streak passing Irom the cathode To the antieathode If 
] Poet ie - = r a = = L = Z ? = Ls . ‘| = 
athode consists of a straight rod or wire pointing toward the anode 
= —_ T ~ a Ll = 


i@ Stream will proceed chiefly Lrom the lateral Suriace ot the 


rod, since that 1s of greater extent than its end. It will cause motion 
in a little wheel made up of several vanes or fan-like disks revolving on 
an axle in the Same Way that a current of air or water produces motion 
tes wind-mill or a water-mill. The best aIrangement 15 to have one 
surface of each vane covered with polished metal foil and the other 
surface roughened, or a shield may be placed so that the cathode stream 
can strike only the vanes on one side of the wheel. The ae — 
unpact causes the wheel to rotate. The same motor effect can ‘ie = 
duced in a tube In Which the cathode is formed by a disk or a panies 
circle of me * is me care in an x-ray tube. This directs the cathode 
Stream toward the particular spot desired to influence, : | 

The luminous effects of the euthee oe e the ng 
Ua Pea: Ee Tay are See 1e fluorescence 
Segue ta BMS wall of the tube, and this is of different colors with 
= iS : $2) rat composition; [Or instance, glass containing a large 
sane a Pde: sueness ko a beautiful blue, while the ordinary glass 
metal disk or en aa cis ae , 2 solid object such as a glass or 
tinct shadow is ates eee ui ehe Baste of the cathode stream, a dis- 
sani oe Soe Spon the wall of the tube. Beautiful effects are 
the influence of i ee aSLANCeS are introduced into such “ tube. Under 
ey Sarena Spas ie cathode ray the following substances show phos- 
Phorescence with the specified colors: 


Pho: Wore an re : 
oT ee! Weoreny f are Produced by fhe toathode Ray (wf. J. Thomson), 


CuSO... 
iSO, + Mnso 
= ro, + 
oro, + Mins | 
BaSo : 


Fuint orange. 
Bright green. 
.None, 
Bright red. 
BaS0, + Masn Faint dark violet. 
MeSO,.......°) ee | Dark blue. 
Zee + | per cent. MnSO, °1/27""°!""! Tmtense dark red. 
Ar, 7, rl oo ial abaoties ete Io ree. ; .. Bluth. 
ee V0 per cent. MnSO,...... _ Intense brownish yellow. 

eae chats . Yellow. 

Faint blue. 
-+» «intense blue. 


The Most i a a 
2 — ™ “lor tnkin c 
20luil solu ions. A = 


effects are produced upon what Thomson calls 
great deal of our knowledge of the transmission 
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of electricity Te clipe La the published WOrks of Profi ie FD | ics 
son of Cambndge University, England (The Discharge of F 


i a a ge . ‘a 2 
mn (sases). These “solid anlutions " are formed wu nen two sq! 
li 


the other, are precipitated simultaneously from a 


are held in solution, the familiar harvurn tn 
cVvanid of the Tuoroscopie sereen for +-ray work 12 oT example ol a 
“eolid solution.”” j 

The cathode Stream travels at the rate of about ZULOOO miles ! 
second and in a straight line, from which. however. it may be deflertme 
In a Variety of Ways. It is arrested by the el qze Wal! ct the tule. ariel 
a thin sheet of glass placed within the tube and across the path of the 
cathode stream casts a VOry dark shadow contrasting with the fluores. 
ecnce of the wall of the tube. Gold-leaf is less opaque. A sheet of 
aluminum 0.00265 millimeters thick forming a window in the wal] cit 
the tube will allow the cathode ray to pass through it in sufficient 
amount to produce visible light and to cause phosphorescence in bodies 
have shown that the Most phosphoresecnt substance Ls ra | plece of tissue 
Pa pCr soa ke in a solution of pen tadekylparatoleketon. 

he cathode rays suffer diffuse reflection when they fall upon a 
surface, whether 1t be of an insulator or of a conductor. Cathode Tavs 
start im all directions from such a surface, especially i the Tavs have 
struck it obliquely. And the substance struck renerally becomes itself 
4 cathode and emits cathode rays, principally normal or perpendicular 
to its surface. These reflected or secondary cathode rays oceur inde- 
pendently of the existence of L-Tays, the latter are ethereal vibrations, 

While the cathode rays con- 
sist of particles of matter. 
The cathode stream under- 
rocs no recular refraction. but 
it may be deflected from its 
straight path by a magnet. 
Deflection of fhe (Cathode 
Stream by a Magnet.—The 
cathode stream is deflected 
toward a magnet (Fig. 386) 
ancl this is the case with the 
3 positive or negative pole or 
Fig. $56.—Cathode stream deflected bramagnet. both poles, a8 In the case of 
a horseshoe macnet. 

Birkeland' discovered a magnetic spectrum in the cathode stream, 
some particles being more deflected than others, and the result being 
& broad band of phosphorescence instead of a single spot. 

Strutt? showed that this was due to inequalities in voltage in suc- 
cessive discharges irom an induction-coil, and that rt cloes not occur with 
the discharge from a large static machine or from a large battery of 
storage-oells, 

Deflection by Another Cathode.—In a tube with two cathodes so 
arranged that the cathode streams are parallel when they leave the 
surface of the cathodes, the two streams will be found to repel each 
other and to form somewhat divergent curves. This seems almost 

* Comptes Rendus de la Societé Francaise des Sciences, exxiii, p. £2, 1807. 

* Phila. Mag., vol. v, No. 48, p. 478, 1899. 
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eenclusive evidence that the cathode stream consista of particles of 


reed with negative electricity. The particles in both streama 
dharoea t | ; 


uric COnSM&VUentiy pel cach other. 


. ‘T bist Proper ir 
to account in the constnmiction of an z-Tay tube, the Platinum 


thocke upon which the cathode stream is to be Totused) iw 

pis «ed at the center of curvature of the cathode mirror, but at a 

int considerably further away, the repulsion between the particles 

of the cathode stream dcilects them so that they meet at a pomt beyond 

what would be the focus if each particle proceeded in a straicht line 

at a right angle to the part of the surface of the cathode from which 
if started. 

Lenard Rays-—The cathode rays which have passed through an 
aluminum window and so have escaped from the vacuum tube DItsent 
pry similar characteristics to the cathode rays inside the tube, but are 
siven the distinguishing name of Lenard rays, after their discoverer. 
Thev spread out very diffusely and cast shadows of =olicl objects which 
are larger than the geometric ones or lareer than would result from 
rays t raveling in a perfectly st raight line from a single point. They 
cause photographic effects, but since the z-ray 1s also present under 
these conditions it is hard to say Just what part the Lenard rays play 
‘1 this. These rays are arrested by quartz crystal, but pass through 
alum. They discharge bodies charged with either positive or negative 
electricity as do the z-rays. These rays and all the propert ies attributed 
to them were discovered before the z-ray, and some of these properties 
mav be due to the latter; still, the discovery of the z-ray has not thrown 
any doubt upon the existence of Lenard rays. There 1s, however, 
eome doubt as to whether the Lenard rays cons'st of material particles 
or of vibrations in the luminiferous ether. Their passage through solid 
bodies gives some ground for the latter theory, but J. J. Thomson 
believes that they are corpuscular In nature. The cathode rays lose 
about 10 per cent. in velocity in passing through an aluminum window 
and emerging from a Crookes tube as Lenard rays. co 

Channel Rays (Kanalstrahlen).—Goldstein’ discovered the pres- 
ence of these rays in a vacuum tube. They are produced with 5 sae 
forated cathode, are found only near the cathode and behind it, and are 
not deflected by a magnet, and their only known property © oY : 
being accompanied by luminosity. Possibly they are jets oF Leet eee 
escent gas emitted from the perforations in the cathode by alge 5 
explosion. ‘They are made up of positively charged particles of matter. 

Lodge's Theory of the Transmission of Electricity Through amass 
Lodge eonsiders that the principal part 15 plaved by adorable serene 
ing from the anode to the cathode along the path of Ee Day 
The réle of the negative electrons projected from the cathode iy t the 
to its surface he regards as subeidiary, not contributing SEA ath 
transportation of electricity. The electrons, however, AF eos may col- 
preat force and velocity and, according to Lodge = theory, © te cathode, 
lide with the positive ions and so interfere with theiraccess tot ad - For 
and under certain circumstances prevent the flow of the Sines 2 suc 
‘nstance. in a valve tube the size and position of the elecer a neloaal 
that with an alternating potential only currents in On grectioll that 
easily get through. The current can easily | a such _ | | 

| I Berliner Sitmungeberichte, 39, p. 601, 1880. 
2c: (Hiver Lodge, Phil. Mag., 22, 1911. 
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the large electrode, with free access to Its SUrIace, 1s ait cathode An 
i Lipiwe 


is oreativy impeded when the emall electrode in & Darrow Dart oF th 


i the cathode. 

Magnetic Rays or Magnetocathodic Rays.—Righi' distinguishes 
these from ordinary cathode rays by the fact that in the former some 
of the electrons unite with positive ions, forming systems analogous t, 
planet and its satellite the rotation of which ts controlled by the magne. 

ii 


izing current. These rays result from the action of a magnet : field 


J 


—— th : 
™y 


ue ‘ 
P= oom pogamnaD, | | | 
1 
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\ $$ a 


_ 
, ,, (it $87.—Lodge's valve tube. This acts a9 an efficient rectifier when the stopcock 
© i open. affording an unobstructed path for the positive ions from the anode A ta the 
cathode B, avoiding collision with the cathode particles. fe 


upon a cathode stream. ‘They are repelled to a portion of the tube where 
the magnetic field is weakest: there they become dissociated and an 
accumulation of positive ions is demonstrable. 

The «-Ray.—When the cathode ray 45 4 stream of material particles 
traveling at the rate of 20,000 miles a second strikes anv solid object, 
such as the glass wall of the original Crookes tube or the platinum dick 
in the modern focus z-ray tube. the impact vives rise to the ethereal 
rrations Known as the z-ray. Were particles as large as pebbles to 
bombard any hard surface at a tremendous velocity the effect would 
be vibrations in the air which would be perceptible as a deafening noise. 
In a vacuum tube the moving bodies are only one-thousandth the size 
Th wom. and the speed at which they strike is inconceivably great 
eee 's equally beyond the range of the human senses: vibrations 
a ¢ luminiferous ether five or ten times as rapid as the most rapid 
‘Porations of visible light, and millions of times as rapid as the highest 
pitched audible sound-waves, A special part oF the raniet work is 
hee ft the consideration of the x-ray. It is mésitioned here only 
2 eae tube ant rene Broduced by the passage of electricity through 
the z-r ay and the cathode ray: rpove Of detailing the differences betwee 
aoe ae Cathade and <-Kays.—The cathode rays differ 
and that they are def ae hey carry a charge of negative electricity 
another cathode or en their straight path by the influence of 
matter, while the rrav aa Cathode rays consist of particles of 
cathode Sagres cmc Fc sat of motion like light and heat. The 
tube and has very little SP HoOMenon Occurring Inside a Crookes 
known by its effects outaids of the es power, while the r-ray is chiefly 

Simslarities Between, Cones sgn i and has great penetrative power. 

sce z-lays.—They both ionize the air, 


_ Le Radium, 9, August. 1912. 30 
*Ibid., 1912, p. a 1912, S00. 
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rendering it a conductor of electricity, act on photographic plates 
produce fluorescence, and are incapable of fas . 
Ban — torus a ie be | 7h aay 1 vo | 
or polarization. Lhey both give rise to cathode mys and x-rays when 
nm =f . : ce : Le Lee | 
they strike a solid substance. 
Passage of Electricity Through a Pracheally Perfect Vaca. Experi 


regular re nection, reiraction, 


ments by Coolidge with z-ray tubes, exhausted far bevond the ordinary 
limut of Ts atmosphere, show that no CUrTrent passes yonder Aas 
voltage while the electrodes are cold, but that it will do so if the cathode 
consists of tungsten wire and is heated by a current passing throuch it. 
In that case even as low & voltage as 221) may send a current through this 
vacuum. A Ronteen ray tube constructed upon this principle a dce- 
ecribed on page #45. 

Special Forms of Geissler Tubes.—Vacuum tubes which are not 
exhausted to the I-Tay decree have already been spoken of. In the 
original type there were two leading-in wires and the whole bulb became 

filled with colored light which was more or less 
stratified. This light could be concentrated at 
one spot if the finger was applied to the side 


Pig. $53.—A-ray tube. Fig. 389.—Geizler tube, showing cathode 
Stream. 


of the bulb (Fig. 389) and the finger then received a slight discharge 
of ¢lectricity from the surface of the glass. From this early type have 
been evolved the vacuum electrodes which form such an important part 
of high-frequency apparatus. A glass bulb with a suitable stem (Fig. 


Fig. 3@0.—Geissler tube for use ag a vacuum electrode. Insulated handle. 


390) and exhausted to the proper degree may be excited by connection 
with one pole of a static machine, z-ray coil, or high-frequency apparatus. 
This does not require the presence of any wire at all leading into the tube, 
amd if there is none, the clectrification of the enclosed gas must take 
place by a sort of condenser action. The metal handle is charged from 
the static machine, we will say, and induces in the gaseous contents a 








ang ")? RONTGOEN RATS 

Gat) MEDICAL ELECTRICITY AND Kt NTGE - 
1 él Jace wall of the tube The gas becomes liming 
de ie ; ira iF if Fy La bh aha = r 1 my ert a 66 aes a a 
| rial ru? Lair LB tad | fic th 4 cortain degre rit TaACwWlUim Silt iy i at ail 


with a violet light and 


se ; ' a; vari Lt a iprecinble Art rit ah 
lieht which POM CLAIMS 1 ei] oie Eat i J a) 
ite 


be found to give out ‘ahle actinic ravs beyond the violet end of 
the ultraviolet ravs, the invisible actinic rays Dey , ede 
(ne Witiravioi¢ect raves, te fF the ultraviolet ray 16 most readily 
the solar spectrum. The presence of ne eee Willemite hel 
: oe es trated hv the Anoreseence if eyrp hes if el pies i of J OP Tite held 
ze sa bi The activity of the tube greatly increased by na ne 
near the tube. te sit: DAT 2 ig aie ol - 

: 1 . a . instance, by touching the other ne 
some additional connection, for imstance, by as : Sener om 
with the hand. When there is a leadmg-in wire passing through the 
Pe wall of the tube the visible effect is the same, but it does not take 
eee? A " ; i oo . ; FT" ji 

eS trong a charee of electricity to excite 1t. The color of such a tyhe 
=) Sl - a ctr | Lt tevinis gin ae :' * s oho a eet 
varies with the degree of exhaustion, the kind of fas contained in it. 
an | the composition of the glass. Such a tube may be made lone and 
eile ; E ——— 5 5 E kis _ a 7 i | | pa i | , es er eh | rye 
curved into a flat spiral (Pig. 691) with leading-in wires connected with 
the two poles of an x-ray coil, and Fives 2a beautiful wiolet ancl uitra- 


violet radiance with very little discharge of electricity to the patient. 


Fig. $01.—High-frequeney vacuum dectrode with two leading-in wires. 


Vacuum Tubes for Electric Dlumination.—The first electric light 
on record was reported by Hawksbee two hundred VCars ato. It Was 
a vacuum tube which when connected wit h one pole of a frictional static 
machine rave suthicient licht to rencl larre print by. 

The practicable vacuum tube lights at the present day all depend 
upon the fluorescence excited in the residual gas by the passage of an 
elect ric Curent through it. In the Cooper Hew1tt lamp the eurrent 
is of the direct 110 volts. In the Moore lamp an alternating current of 
2000 volts is used. In the Tesla light the voltage has been raised bv a 
high-frequency transformer. : 

_The Cooper Hewitt lamp (Fig. 392) consists of a vacuum tube about 
I inch in diameter and from 2 to 4 feet long. It contains a certain 
quantity of metallic mercury and, of course. is filed with mereury 
Vapor. The lat Ler 1s 4 very poor conductor of elec: rieity when eold. anc 
tio Start the current it 15 necessary either te tip the tube and make a 
complete connection of liquid mercury from pole to pole, or else to 
Pass a high-tension current of At least LOO volts throuch it from an 
mouction-cou. In either case the 110-volt continuous current is 
tereafter transmitted through the gas and causes brilliant fluorescence. 


The smaller size tube gives 300 and the larcer size 700 candle-power. 
The tube does become hot. but hot nearly as much of the power is con- 
sumed in this Way as in the incandescent electric lamp. Only 31 amperes 
of current are used. Its efficiency js correspondingly hich. in fact, 
the claim IS Made that Lt requires only d Watt per candle-power while 
4 b-candle-power Incandescent lamp requires J ampere anid 110 volts, 
making o> Watts; or 34 Watts per candle-power, The cathode terminal 
should be liquid mercury at the lower end of the rat The coative 
terminal if Usually of iron. The Cooper Hewitt lamp | has shank hs 
mame etheiency us the electric are lamp, The light froma thie toe pre- 
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he spectrum of incandescent mercury vapor, it is rirh in violet 
nd almost entirely lacking in red rays: It is not, pecially rich 


"I a . ail == 1 wtT : gy & Se ae - = = ms 
let rays, as tested by Willemite. A Very interesting obsery_- 


a 
in ultraviols 
Thon Tia be Made With the apm CLroOsScCoOps il COMME CTION with this lamp 


described in the next PaAraeraph. 

Nature of Fluorescence.—Fluorescent substances have the prop- 
erty of intense absorption of light at their surfaces and of slowing the 
rate of vibration of licht falling upon them. In the ease of the mercury 
vapor lirht a piece of cloth saturated with a4 solution of a fluorescent 
substance hke rhodamin, and dried, Tr t's be Wrappe da round the luminous 


tube. HRed lines anc others not 


in the mercury spectrum will immediately 
be seen with the spectroscope. It is in the same way that Willemite slows 
up the vibrations of invisible ultraviolet light and changes it to a bril- 
li creen. Something of an analogous nature must take place in con- 
nection with the tomization of the air by the ultraviolet ray. It will be 


remembered that the ultraviolet ray ionizes a pas and renders It 9 con- 


a 


| 
i 


Fig. a0 .—Cooper Hewitt lamp. 


ductor of electricity and capable of discharging a charged body only 
when the light is reflected from 4 fluorescent substance or from a metal 
immerzed in the gas. ' 
The Cooper Hewitt light, of course, does not give the natural color 
to objects illuminated by it. Red objects appear blue or purple suri 
every little capillary in the skin and the entire mucous surface of the 
lips appears bluish. The visible effect is as if the person were dead and 
decomposition had begun. While it is not suitable for general illu- 
mination, excellent photographs may be made by it, ether originals 
or reproductions from others. It is made up almost exclusively of the 
most actinic rays of visible light and on this account has seemed of value 
to the present author in the treatment of tuberculosis by light baths. 
The uviol lamp ts made of glass which transmits a greater percent- 
age of ultraviolet rays. The eyes, however, should be protected from 
ab light 80 rich in ultraviolet Pays. 
Moore's Vacuum-tube Light.—Tubes of any length may be used 
and passed from room to room, distributing the light just like the steam- 
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fae 

ol PAs-pipes They are connect data central box in the cellar of &len. 
where with the alternating current of 110 volts, or with the 11(-volt 
direct current modified bv the use of a vacuum-tube rotator, producing 


extra currents by its sudden breaks in passing throug 
through a step-up trans 


nan &lectromag- 


currents 15 passed 


netic col. Kither of these | ; : 
Any kind of vapor may be used in 


former, raising it to 5000 volts. 
the tubes and licht of any desired color anc spectrum may be produced. 
Davlicht may be imitated very closely. The light is accompanied by 
very little heat. . 
The Nikola Tesla Vacuum-tube Light.—This is produced in a 
vacuum tube of any length by charging and discharging a condenser 
and passing the discharge through the primary of an induction-eoijl. 
The secondary current thus obtained 1s of very hich voltage and tre. 
quency and can be used with tubes with or without I acding-in wires. 
Disruptive Nature of Vacuum-tube Transmission.— A discharge 
of electricity through a Pas which has been jonized can, it 15 true, take 
place by simple conduction, as in the apparatus employed for testing 
the radio-activity of radium salts, or in testing the quantity of the z-ray 
by the rapidity with which a charged electroscope becomes discharged, 
but such a transmission of the current is as free from any special phenom. 
ena as if the charge were conducted by an equal length of copper wire, 
The discharges through the vacuum-tubes which have just been deseribed 
are essentially of the nature of sparks or disruptive discharges breaking 
through the gas, not carried by it. Still the same ionized eas will also 
transmit electricity in the silent and invisible manner characteristic of 
true conduction. A Cooper Hewitt lamp, for experiment, may have a 
couple of leading-in wires at opposite sides near the middle of the leneth 
Of fT he tube, and these two opposite Wires may he connected with wires 
leading from a galvanic battery of one or two cells. A ralvanometer 
placed in the eireuit will show that no current passes through the battery 
Circuit until the Cooper Hewitt licht is turned on. and the rarefied ras 
between the two WIres coming trom the hattery ancl leading into tha tuhe 
1s lonized anid becomes q conductor of electricity. 
A chemically active form of nitrogen is produced when pure nitrogen 
pas is used in a Geissler tube and an electric discharge takes place through 
The explosive distance in vacuum tubes is increased in a magnetic 
held paralle] with the Space, and there is a hest streneth for the ‘field. 
1 tube may light up in a field of 1400 gauss and become dark in a 
field of 3000 gauss (electromagnet with a current of 16 amperes). 


*(aouy, C. R. de la Soe. de Biol.. 150. 1910, 1552, and 151, 1910, 1320, 
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PHOTOTHERAPY 


Shr as 2 the PApPeutic Age nt has become ve ry prominent during the 
Das iow yVea4@s, ancl its ucTION 18 due to the luminoys rave, the chemic 
rays, anc the heat rays. lt was thourhi at one time tl at the heat rats 
were confined to the infra-red and red of the spectrum, but it * nate 
known that there Are hent raves throuch the entire Spectrum. The 
ehemic avs vi Ore at one time thourhi to be confined entirely try the 
blue and violet-blue portion of the spectrum, but it is now known that 
thev qa len are round throughout the entire visible spectrum. The ar) 
rays found in the infra-red part of the spectrum are invisible. Se 


Demy rarure of; Inen ndescence, 
DEcREES 
FauRE SEIT. 

1000... ......-Red rays. 

BUD ona au) ac wae laa cate (ec pe hete reed Orange rays. 

LOU oe osie ce cenre a eres .... Yellow rays. 

| | a Me Pe ay Alt! Blue ravs. 

PAO So a ee eee LO rays. 

SOUIO Saat ed tearteels | c+ 2. Wiolet rays. 

tt La ae eee ny Se 8 HOR ate ......All colors = white light. 


_ The intensity of the ight creases faster than the temperature. Plat- 
inum wire at 2600° F. gives out forty times as much light as at 1900° F. 
Gas gives | part visible eee est eee eee esses sod Parts invisible rays. 
Incandescent filament gives 1 part visible...23 “* ‘a a 
The electric arc gives 1 part visible q « as 4 


The temperature of the voltaic arc is about 3000° C. for the positive 
carbon and 2500° C. for the negative. 

In addition to the ordinary chemic rays which accompany the visible 
rays of hight, there are what are known as the ultraviolet rays; these 
are beyond the violet and are also invisible. An illustration of what 
are known as infra-red rays is the heat effect noticed when the hand i 
brought near a stove in which there isa fire. These rays are more pene- 
trating than the visible rays of the spectrum. The strength of light vanes 
inversely as the square of the distance; this is an important law to 
remember; thus, if at a distance of 30 inches the candle-power is 500, then 
at a distance of 60 inches the candle-power will be only one-quarter, 
or 125 candle-power. The usual distance from the filament at which 
the candle-power of an incandescent lamp is measured is 30 inches, so 
that if the patient is at this distance from the filament, the full rated 
candle-power of the lamp is being used. Another point to remember 
is that light is most effective when it strikes the surface at mght ang es. 
In order to compare different lamps an actinometer such as is used by 
photographers can be placed on the patient. In order to use this cor- 


rectly, all other light must be excluded. a8 
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THE COMPLETE SPECTRUM OF LIGHT 


ulirg-red 
1 | a 
ength: Very long 


I r-ultra-red. 
Wave Length: 15 microns. 


BLECTRICITY 7 


Clira-rex], 
Wave Length: S&S microns, 


ted 
Wave Length: .71 micron. 


bs Orange. 
Ware Length: > MmCron. 


Yellow. 
Wave Length: .62 micron. 











Visible | —_ 
Rave 4 oa Green, 
ay Wave Length: 43 micron. 
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‘Blue. | Chemically 
Wave Length: .49 micron f~ Active 
Kare. 
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| Indigo. . 
Wave Length: 41 micron. 
ak eraser 
Violet oe 
Wave Length: .38 micron. | 


L! ‘Ttraviolet. 
Wave Length: .21 micron 
Bi-ultraviolet. 
Wave Length: .1 micron, 


_ Trroltraviolet. 
Wave Length: .014 micron. 
| 


=m After Sotferize. 


is perp ede ee Candle-power (British and U.S. standards) 
re . IFOL Of a spermaceti candle i inch in diameter, burning 120 grains 
| eee 2 Meter candle-power is the illumination produced by 1 
fap, bower at a distance of 1 meter. This is useful as a unit, but the 
Nght vanes so much under different conditions that more exact stand: 
ards have been devised for making the actual measurement. 
I Bee ( arcel (French standard, equal to 9.5 British standard candle 
ee att of 8 Corea lamp burning 42 grammes of pure Colza 
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te Ba! 


oil per hour with a flan. tO mom 
and Regnault. | 

1 Hefner rg the licht = 
under conditions presen bec 
OSS British standard cand 


high, under conditions fixed by Dumas 
om a standard amyl-acetate lamp, burning 
ree Loic late VY ati Hegner Alteneek. ericl 


| Fa THAR 
i=-[HOWer, : 
r — 1L= | c | | meg Fe 4 es 2 = = 
; Lux i? mina then produced by 1 Hefner at a distance of l 
meter and equais U.88 meter candle-power 
1 Lumen is the unit of flux of light in a beam subtending 


ven Ps 4 a : umMbt of 
eqlid angle where the source has an intensity 


: a = c ol | tHetner: i! henmii- 
spherical lumen, for instance, is the light radiating through 2 hemisphere 
of space Irom a source of 1 Hefner. 

The Legal Standard of Light.'—The unit of each simple licht (blue. 
green, etc.) 1s the quantity of the light of the same kind emitted in the 
normal direction by a square centimeter of surface of molten platinum 
at the temperature of solidification. The practical unit of white light is 
the total quantity of light emitted normally by the same Slirtace. 

The Author's Units of Light Measured Photographically.—1 Tousey 
is a light or other radiation which will produce the same effect upon 
Kodak film as 1 candle-power of carbon filament meandescent light of 
the standard brightness. 

1 Tousey meter second equals the effect produced as above in one 
second at a distance of 1 meter. 

N. B.—In applying this photographic measurement to 2-rays or 
radium rays, in comparison with incandescent electric light, the film 
should be developed in the regular tray-developing solutions for ten 
minutes and in complete darkness. 

The Tests Which are Applied to Electric Lights, Either Arc or 
Incandescent Lamps.—In the case of an incandescent lamp it i of 
importance to test its resistance when cold. For this purpose the 


Fic. 303.—F. Tilden Brown's cystoecope. 


Wheatstone bridge and the current from one or two voltaic cells are 


emplovedt. 3 enitmaeater on the 

eee of testing a lamp at work employs & pleharae ie i 
principle of an amperemeter of very high resets "The lamp may 
difference in potential between tne iam . Ps | | ’ 
— re _m™ es Congress, Ap |, 1554... 
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rt of an electric Ma: incandescent, arc, o1 Vacuum tub An 

“is salen required for measuring the strength of the current, 
iby the key. A storage-battery ora larce 
batts rv ol voltaic eclis Pca W be usec instead of the ivname, 


Th i Humber of Cal Hle—pe iar produced hy Lhe lamp THis nk teat ec] 


which may be turned on or of 


by a suitable ph OTE her One of the simplest And most accurate 13 
familiarly known AS the ed ee nhotometer. rl ahert of paper 


in the center is held up between the standard candle 


a 


to be tested. Looking at one side of the paper the spot, 
has been made partly transparent, appears bright if the licht 
it from behind is more powerful than the light falling upon 
the front of the paper around the spot. The paper 1s moved back and 
forth between the two lights until the grease-spot appears neither darker 
nor lighter than the surrounding paper. Both sides are examined to 
make sure of this. Then the distances from the paper to the standard 
candle and to the lamp are measured anc the number of candle-power 
varies directly as the square of the distance at which equal illhimina- 
tion is produced. Thus, if the paper is four times as far from the 
lamp as it is from the standard candle the lamp is giving a light of 16 
candle-power. 
Knowing the nurnber of polis of electromotive power E in the dit 
ference of potential at the terminals of the lamp and the current C in 
GM DEres Wee have the following formuls.: 


=] 5 
Mitt Lt 
"1 

Fi 


= 
F 
> aa 


Resistance (hot) of the lamp in obme a 


Electric energy in Watts consumed by lamp = E 


eG 
Cc 


x 
ExC 
c. p. 


Watts per candle-power 
(c. p. = number of candle-power.) 
The smaller the number of Watts per candle-power, the higher is the 


efficiency of the lamp, and for the same t ype of lamp the less heat is 
produced with equal illumination. 


Fig. 3044.—Incandesrent lamp and reflector. 


The modern “cold clamps" for cystoscopic and other endoscopic work 
are simply incandescent lamps of high efficiency. | 
descent Electric-light Therapeutic Lamps.—The most com- 





eee ne Ps ee a a = — : 4 a 1 i. 
Fig. 305.—Treatment of patent with 100-candle-power lamp and parabole reflector. 


These lamps are made to operate on the 110- or 220-volt current, which 


may be either direct or alternating. 


Fig. 395 shows the application 


of such a lamp. The advantage of this particular device is that it 


Fig. 26.— Local electric-light bath. 


can be easily adjusted to any 
the physician or, in some cases, 
In muscular pains due to co 


lamp outlet, and can be held either by 
by the patient. 
Id, such as what is commonly known 


This style is useful 











. 205.—Electric-light bath cabinet, of 
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various power, and may be used with or without color screens and with 
different colored bulbs. 

Fic. 306 illustrates a slightly more elaborate device for applying the 
laht over much larger aren. In this device there are ten incandescent 
lamps each of 16 candle-power. It hinged al th eentral part so that 
if can be easily placed around a limb or over the shoulder. On the Top 
of it is a selector switch, so that five or ten lamps can be used, accord- 
mar te fhe requirement= of the case, 

Fig. $98 shows an electric-licht bath cabinet. This 16 arranged so 
that the entire body, with the exception of the head, 1 subjected to 
the influence of from forty to eighty meandescent lamps. On the out- 
ade of the cabinet is a switchboard so that various sets of lamps can be 
nosed. A though the illustration does not show it, there should be an 
sTrangement holding two strips of colored ginss, one of red ancl one of 
blue. so arranged that either color can be turned in front of the rows ot 


Fig. 309.—Electrictight bath cabinet, closed. 


incandescent lamps or, if desiredt, turned out of the way entirely =0 that 
the plain white light is used. 

Fig. 400 shows a different style, in which the patient is placed in a 
reclining position. The number of lights is regulated by means af selec- 
tor switches on the outside of the cabinet. . 

Fig. 40)1 illustrates a portable electric-lizght cabinet having a4 folding 
frame and curtains. This make: a very convenient arrangement, 3 
When not in use it does not take up any space. To this can be easily 
added the red and blue glass screens. The patient feels much more com- 
fortable than with his head fastened by a wooden or iron cabmet. 

Fig. 402 shows a combination cabinet in which are placed a number 
of incandescent lamps, and on the outside are mounted three arc lights, 
the object of this arrangement being to obtain whatever benefit there 
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Combined incandescent and are-light bath, 
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tid? MEDICAL ELECTRICITY AND RONTGEN RAYS 


that in pla eof wsing all lights, any one or a ef mbination may by. 
used as desired. : : . 
Fics. 404 and 405 illustrate an arrangem*tnt Dy which a 500-cand| 


power lamp is placed in a horizontal position so that the pati 


Fig. 405.—Incandeseent lamp (5 ies 

Peso apes op (900 candle-power) with strai a z 
of the reflector. Parallel rays of heat and light are produced, Tiny eee 
a burning focus. rey ure pot brought to 


celves the direct radiation from the entire length : , 7 
ze | sobs » entire length of the filament and 
Be Sener. The rays are rendered parallel, not brought to a burning 
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Fig. 406.—Ray screen for treatment with colored hght. 


through the different diaphragms and may be demonstrated by 4 raci- 
OMe ver. | . F 
Extremely great wave-lengths up to 300 mm. have been isolated by 
H. Rubens and Q. von Baeyer® from the light produced by a mercury 
vapor lamp filtered through black paper. “i 
Electric Arc Therapeutic Lamps.—Fig. 407 illustrates the original 
Finsen are-lamp arrangement. In order to protect the eyes of the 
assistants from the irritating effect of the chemic rays, they use blue 
glasses. The apparatus contained an electric are which used 51) ae 
peres; this has been improved and simplified, the most important Mc = 
fication bemeg one in which practically all the heat rays are absorbed, 
so that the action is due entirely te luminous rays,the chemic rays which 
accompany luminous rays, and some ultraviolet rays. The condenser is 
made of quartz, which allows practically all of the ultraviolet rays t pass. 
The metal section is filled with water: the section nearest to the are 1 
arranged for a continual circulation of water. In addition to this, D _ 
Finsen had special compressors made of quartz, which were i hrm 
'H. Rubens and R. W. Wood, Le Radium, Paris, Feb., 1911, p. 4+ 
Le Radium April, 1911, p. 139. 
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e, Improvement 1 not expected in less than three 


_ Numerous modifications of this lamp have been made with the ides 
OF increasing its efficiency. | 
me 408 illustrates the latest im pr wement in the Finsen ray lamp. 

his 1s Known 23 the Finsen-Reyvn lamp. Wath this apparatus only 
a time, but instead of using 80 or 100 amperee 
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Fig. 407.— Original Finsen lamp. S80 amperes. 


ee ers the are can be regulated. It is mounted on a 
ok ON DAUesStial and arranens “1 Berra 2 | tse 
be easily a thie aes a d with a counterweight, so that it can 
‘fe [ ths : ; . JOWOCTEL 7 and broucht mite the most convenient posi- 
ultravic , t =r s white a the lenses are made of quartz, so that all the 
SViolet rays which are generated by the are are transmitt the 
are pega! ; generated by the arc are transmitte th 
eta with very little loss. ttecl to the 
or 409 illustratee ma FF 4) = ; 
on ee illustrates one of the best forms of are-licht apparatus 
ESE oe Country; all the acd] UStMents are easily made. The suto- 
m2 PE aa an a hor MAN An ing the sre is particularly nice. and 
i 6 pl ctiresbard male cit tention upon the part of the operator. There 
Aad so 5 en window s0 that the are can be readily seen without dis- 
oe. | fad : Paap This lamp is made to take from 10 to 30 
| The ” aCCOPCINE to the special requirements of the CASE. 
‘he small diagrams illustrate the three Ways in which the rays can 





Fig. 405.—Fingen-Revn lamp. 


Tron Electrode Lamps.—tlt was found that by employing electrodes 
which were made of iron instead of carbon the proportion of ultraviolet 
Tays Was very much increased, and a lamp of this style is shown by 
Figs. 411 and 412. This was devised by Dr. Bang, and in order to 
operate it, it was found necessary to have the clectrodes and the entire 
casing arranged for 4 continual circulation of water. While this device 
is very efficient, it is a rather Inconvenient one to use. 
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Fig. 409.—Bogue's are lamp for therapeutic use. 


Fig. 410.—a, Are too far away from mirror; b, arc too close to mirror: ¢, are in focws. 
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PHOTO'THERAr 


ating current, $0 
use this lamp On 

ri: Current carbon clec- 
trodes which have iron flings 
them are usec. 

The ca pon are Is not nearly 
rich in ultraviolet rays as the ir 
are, and this 1s very pr ttily demon 
Strat dbv the foll: wine Experiment : 

Place a piece of solio paper in 

front of the carbon are for one 

minute. You will notice that it 

will become slightly discolored; now 

place another piece of solio paper 

in front of the iron arc, and in the 

came time you will find that the 

paper has become absolutely black, 

this indicating that with the iron Pig. 412.— Application of water-cooled 
arc a greater proport ion of chemic ; iron electrode arc lamp. 

rays are generated. 

Condenser Spark-gap Lamps.—One therapeutic and physiologic 
use of condenser discharges is in the production of visible and ultraviolet 
rays. A Leyden jar 2 inches in diameter and with a total length of 10 
inches may have one armature connected with one pole of an induction- 


Fie. 413.—Piffard’s hand are lamp for phototherapy. 


coil ne transformer regulated to give a spark about 4 inches long. The 
other armature of the jar is connected with the other pole of the coil or 
transformer, Besides the above connections an insulated conducting 
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About the time that theron are devised by Dr. | 


Dr. Gérl described a lamp based upon this principle for the 


et rays 4 lamp of this character is the mech 


A ok 


let rave that we have at the present time. 

AS originally constructed 1f was rather inconvenient to use, and Dr. 
Henry G. Piffard, of New York City, devised an improvement in its 
construction. Fig. 414 illustrates this Improve nt, which consists 
in making the spark-gap so th: l tl 
is adjustable. In addition, there ts a handle on the side o 


= 


the operator can easily and safely handle it. Dr. Piffard now uses this 


F ig. 414.—G4rl ultraviolet ray lamp, mklifverd by Piffard. 


ep without the quartz window, as was used in the original lamp, as 
: Terie S aT a - Pony aaa i ae = = = el 
Lt hirice thai li IS Ve ry much mMnore scetive without the quartz window. 


He was led to use it in this way by-noting the difference in time that 
an electroscope discharges when the rays from this lamp are directed 
Upon it’ when the CUAFtZ wWincl VV 15 In front of the lamp It discharges 
the électroscope slowly; when the quartz window is removed the elec- 
Prosco pe eS discharged instantly, thus showing that there is a radiation 
irom this lamp which the quartz does not transmit. An exposure of 
hive minutes with this lamp produces a very intense hyperemia. 
Ultraviolet Rays of Exceedingly Short Wave-length.—P. Lenard 
and C - Ramsauer' have discovered rays of less than 90 mu. wave 
length in the light from a condenser spark-gap with a tremendously 
powerful current. They use an induction coil, in which the primary is 
eg copper Wire 3 mm. mm diameter, around an iron core 110 cm. long and 
Yin. diameter. There are three layers of 330 turns each. The secondary 
is divided into four sections, in each of which are 32 layers of copper wire 
| GLUT), it diameter, and there are 90 turns in each laver. The primary 


‘Le Radium, 1911, p. 115. 
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energy at each discharge is 1000 times tl 


The light 


Fig. 415.—Mercury vapor lamp. 


but very rich in ultraviolet rays, especially those of the shortest wave- 
length, even as short as 90 mu. 
Ultraviolet rays have the property of causing certain chemicals 
and minerals to fluoresce. The most common test for the presence of 
ultraviolet rays is the fluorescence they produce when falling upon a 
piece of Willemite. When the ultraviolet rays strike a piece of Wille- 
mite, they cause a most beautiful green fluorescence. In order to 
determine whether the fluorescence is due to ultraviolet rays, it 1s only 
necessary to place a piece of glass between the Willemite and the source 
of radiation. If the fluorescence is due to ultraviolet rays, the glass 
will cause the fluorescence to disappear entirely; if, however, the appar- 
ent fluorescence is due to the blue-violet color of the light, then the 
putting of the piece of glass between the source of light and the Wille- 
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Professor Aro 
nas devised mercury vapor lamps of suitable form 

application in the treatment of the skin o 
[the mucous membrane of the mouth, urethra, etc. The tube carrying 
the incandescent mercury vapor is made of quartz, so a4 to transmit 
‘inch. Med. Woeh., 10, No. 10. m STT, reviewer! in La 


* Rackum, April, ag. 





Fig. 417.—U viol lamp. 


penetration as the Finsen (arc lamp with carbon electrodes) and a greater 
euperficial action than the dermo arc lamp with iron elect rodes. 
Therapeutic Lamps for Internal Use.—Vacuum light tubes have 
been devised by Strebel’ for introduction into the cervix, the urethra, 
or the mouth for the therapeutic effect of light. 
‘The Nernst Lamp.—Fig. 420 shows the latest high-efficiency incan- 
descent lamp, which was discovered by Dr. Nernst. This differs from 
the usual incandescent lamp in that the incandescent filament 15 not 
enclosed in a vacuum, but exposed to the arr. Apparently this amps 
going to be one of the most efficient of the Incandescent atvle used for 
therapeutic purposes, as the actinic power is great and the heat = very 
much less in proportion than when the usual incandescent Lamps are used. 


t Dermatol. Zeitechnft, vol. x, p. #7. 








Fig. 418.—The Kromayer lamp: a, Lamp connection-plug; 6, current direction-indi- 
hor; & Plug connection: d, tube connection: «¢, winged nut for fixing lamp in fork pg: f. 
Rromayer quartz lamp: ¢ fork lamp-bolder (may be fired in any position): A, 7, Tn- and 
outlet for cv Hing wate fF, «©, witeh: rheostat lever: mm, bine CORMECE On: 7. rhegstat (Han- 
Ovia Chemica] ha | Manufacturing Co.. Newurk), 


Fig. 419.—The Kromayer | 


amp (Hanovia Chemical and Manufacturing (o., Newark). 
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Fig. 450.—a, Westinghouse-Nernst lamp; b Westinghouse-N ernst lamp, with globe re- 
moved (heater and glower). 


This becomes a conductor of electricity when hot, but though its resist- 
ance is diminished, it is still so great that it becomes incandescent itself. 

Ultraviolet rays are generated by a Crookes tube or an «x-ray tube, 
and a special construction has been devised by H. Bierry, Victor Henri, 
and Albert Rane. The tube has a sort of pocket of quartz tubing in 
which substances may be placed very near the anticathode. Carbo- 
hydrates undergo the same changes as when exposed to the ultraviolet 
rays from a mercury vapor lamp. A burn appearing within twenty-four 
hours after an z-ray exposure is doubtless due to ultraviolet ravs gene- 
rated by the z-ray tube. This source of injury may be suppressed by 
Mterposing any screen opaque to ordinary light. 

Effects of Ultraviolet Rays Upon Gases—1. There are produced 
uncherged centers of condensation which are due to impurities in the gas. 

2. Both positive and negative ions are produced in the gas. 

4. There may be changes in the gas itself, as when oxygen is changed to 
ozone. 

The effect upon chlorin has been especially studied by Ludlam,? who 
finds that the presence of a trace of chlorin increases the ionization of 
the air under the influence of ultraviolet ravs, but that above 1 per cent. 
the more chlorin is added the fecbler the ionization becomes. 

The ultraviolet rays in sunlight tonize the air, rendering it a conductor 
of electricity, and, as might be expected, Dember has found that this 


1 C. BR. de la Societe de Biologie, xx, 523, April 1, 1911. 


* Phil, Mag. we, 1912, 757. 
‘Phys. Zeitschr., 13, 1913, 207. 
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Soft rubber, which is ordinarily such a good insulator, is mediately dis- 


mntegrated and cesses to be a non-concductor of high-frequency Currents: 
it 16, therefore, useless for msulating wires transmitting these curre nts, 
The ultraviolet raves in this case come from the shower of sparklets 
covering the surface of the wire and which may he aT) if the niyter sTr- 
face is touched with the finger. The same sparklets may be drawn 
from a glass insulated covering, but glass is not affected by the ultra- 
violet ray. - 
The light from a Geissler tube ionizes neighboring gases. 
An insulated sheet of aluminum acquires a positive charge when ex- 
posed to the ultraviolet ray. | 


PRINCIPLES OF PHOTOTHERAPY 


Sunlight 1s universally recognized as a powerful bactericide. Tuber- 
ele bacilli were destroyed in Bang ’s experiments by a six-minute expo- 
sure to the non-concentrated light from a 30-ampere are lamp at a dis- 
tance of 30 ecm. (12 inches), and Jansen and Busch and Nagelschmidt 
have shown the destructive effect of ultraviolet rays upon tubercular and 
pneumonia germs inoculated in the living skin or cornea. Klinemuller 
and Halberstadter found, however, that small pieces of lupus tissue ex- 
posed to the Finsen lamp for seventy minutes still produced tuberculosis 
if injected into a rabbit's peritoneum. 

The effect of phototherapy, which is the most striking modern dis- 
covery, 18 in the cure of lupus vulgaris. It is not probable that the 
effect is due simply to a direct bactericide effect. Other factors are the 
generation of hydrogen peroxid, ozone, and oxygen in tissues exposed 
to ultraviolet light and the development of new-formed connective tissue 
whose fibers compress and destroy the tubercular foci. 

_ The blood-pressure is low in the tropics, due probably to a vasodila- 
tation from the heat. This has an important bearing upon tropical 
pathology.' ceo | 

Effect of Variously Colored Lights.—Colored lights have different 
effects. The red light, for instance, is stimulating, whereas the blue 
light is depressing. Dr. Nils R. Finsen, who proposed the use of the 
arc lamp for the treatment of certain skin diseases, called attention to 
the fact recorded by Picton, of New Orleans, almost a century previously, 
that cases of smallpox did very much better when the ordinary lummous 
rays were kept from the patient. This was accomplished by means of 
red glass, which also cut off most of the ordinary chemic rays. In order 
to obtain the effect of different colors the glass of which the incan- 
descent lamp is made can be of the desired color, or a glass of the 
desired color can be placed in front of the incandescent lamp, which 1s 
made of the ordinary colorless glass. The colored glass does not add 
any property to the original light; it simply cuts off all other colors. It 
does not do this absolutely, but it does so for all practical purposes, anil 
the action of a blue glass placed in front of the light will be just the 
same ax though the incandescent lamp were made of blue glass. 

''W. E. Musgrave and A. G. Sisson, Philippine Jour. of Science, v, 225, 1910. 
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Ultraviolet rays change starchy solutions into maltose 
= and, according to the same experimenter, inulin is changed into 


and cdex-= 


oF 
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‘and levulose. 


Ultraviolet rays destroy the properties of diastase in solution. 


Rays of a wave-length greater than 3022 Angstrém units do not have this 
effect 3 

Effect of Ultraviolet Rays Upon the Digestibility of Milk.—<A short 
exposure has no eftect, a longer exposure lessens tryptic digestibility, and 
4 still longer exposure restores it." 


Ultraviolet ravs change saccharose into glucose and levulose: 
. = — 


their more prolonged action produces formaldehvd and carbomie oxid.* 
Ultraviolet rays from a quarts mercury vapor lamp change a small 
T m: = . = - E : . ape i St Ie 
proportion of chlorophyll dissolved in alcohol and water mto urobilin- 
ogen.” 


Ultraviolet ravs, three hours and a half exposure, destroys the hemo- 
lytic action of saponin.’ 
" Ultraviolet rays destroy amylase and invertase (in malt and yeast); 
the former is more sensitive, and in a mixture it may be destroyed and 
the invertin be only attenuated.’ 


Biochemic Effects of the Ultraviolet Ray.—Ultraviolet rays in 


thirty minutes to two and one-half hours reduce the toxicity of otro- 
phantines.” | aes aie 

Ultraviolet rays quickly destroy the venom of the cobra, but have 
much less effect upon antivenomous serum.” eee 

Ultraviolet rays have an effect upon the Wassermann Selmer er 
syphilis analogous to their effect upon tuberculin. They do cle a : 
the properties of sera rich in antibodies, but antigens and antibodies no 
longer fix alexins." ay che? 

oa tn ' aie ae ’ | earns a - - act, 

Bacteria killed by ultraviolet rays preserve their agglutinins intact, 

and can be used for serodiagnosis.” 


VC. R. de Academie des Sciences, cli, 522, Feb. 27, 1911. 
?L. Massol, Ibid., 902, March 27, pee 
1H. Agulhon, Tbid., 398, Feb. 16, 1911. | , 
‘J. Telarico, C. R. de la Soc. de Biol., xix, 324, Nov. 5, 1D June 3, 1911, and 
c ‘Henri Bierry, Victor Henri. ae Spee ny hes Ibid., bx, 2a | 
C. R. del’ Aead. des Sciences, 1629, June 6, - : _Gitenece oh, 124, 
4 on Sy oe 7 arpa des Bancels, C. R. de Acad. des Sciences, clin, 14, 
aly 10) 1911. 1 See. de Biol. xxi, 204 aa 
Se eee ee ae Masonic, C. R. de Ia T'Acad. des Seiences, clit, 14 
June 12, 1911. ee . ann Joke 
*D. Danielopolu, C. R. de la Soc. de Biol., Ixxi, 200, July, 1911. 
1. Massol, [bid., 183, July as ayes 11011 = 
ti WManeden Dred: L. : , AL ' 7 a rt arch, 
 Pegnice Breton, Toit. aie, CR. de I’ Academie des Sciences, clit, 623, M: 
1911, | a | 
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Effect of Ultraviolet Rays Upon Tubercle Bacilli and Tuberculin.— 

A short exposure attenuates the bacilh in a culture and a long exposure 
kills them. Tubereulin loses its properties, and this effect is more 
rapidly produced in the air than ins VACUUM." 

’ Effect of Ultraviolet Rays Upon Tuberculin and Antitubercular Sera. 
—I|t renders tuberculin inactive, but does not modify its Precipitorenows 
property. Serum, however, quickly loses its precipitant property.‘ 

Influence of Light in Causing Hyperglobuly at High Altitudes.— 
The accumulation of blood-cells in the peripheral vessels which ordinarily 
takes place at high altitudes may, according to T. Gavda’s experiments 
upon rabbits, be prevented by exclusion of light.* 

The effects of ultraviolet rays upon micro-organisms have been 
exhaustively studied by Mme. V. Henri Cernovodeanu and Victor Henri, 
at the physiologic laboratories of the Sorbonne and of the Pasteur 
Institute." 

As far back as 1877 Downes and Blunt’ experimented upon the bac- 
tericide effect of light and found that the most refrangible was the most 
active. Among others Roux, Geissler, and Marshall pursued further 
studies, which preceded Finsen’s work. The latter m 1899 to 1%)5, with 
his pupils, 8. Bang, V. Bie, A. Larzen, G. Dreyer, H. Jansen. O. Jensen, 
G. Buseck, Schmidt-Nielsen, A. Reyn, and R. Kolster, stuched the effect 
upon yeasts, fungi, amebw, infusoria, and different animal tissues. 

Finsen and his pupils showed that our sunlight is quite poor in 
ultraviolet rays, due to absorption by the air. The are light is rich in 
ultraviolet rays, and with the positive carbon 24 and the negative 12 
mm. in diameter and 35 to 80 amperes, with an average of 50 volts, 
the light being concentrated upon a surface 12 mm. in diameter by a 
quartz lens 7 cm. in diameter, and with the heat filtered out by a layer 
of water in a vessel with quartz walls, this light kills the Bacillus prodigi- 
osus in two or three seconds. Are lamps with metallic electrodes, espe- 
cially iron, are many times more effective than those with carbons. 

_ The interposition of even a thin sheet of glass, and the admixture 
of bouillon. pepton, albumin, gelatin, or any other onzanic colloids Td 
the water, arrests the major part of the ultraviolet rays, while perhaps 
perfectly transparent to the visible rays. Various germs show different 
degrees of susceptibility, young cultures are more sensitive than old 
ones, and the spores are three to five times as resistant as the germs. 
But cultures of any of them may be sterilized by exposure to the ultra- 
violet ray. The time required is from a few seconds to a few minutes. 


sues M. Weinberg and M. Rubinstein, C. R. de la Soc. de Biologie, bexi, 258, July 29, 
*V. Baroni and C. Jennesco-Migaiesti, Ibid., lxix, 273, Oct. 22,1910. 
_ #¥V. Henri-Cernovodeanu, Victor Henri, and V. Baroni, C. R. de Acad. Sciences, 
eli, 724, Oct., 1910. 
‘A. Jousset, C. R. de la Soc. de Biol., Ixix, 459, Nov. 26, 1910. 
* Archives Italliennes de Biologie, liv, 197, 1911. 
* Journal de ere ae et de Pathologie generale, xin, 1911, S65, 
’ Proceedings of the Royal Society, 26, Dec., 1877. 
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containing iodin or bromin, 4 hich is liberated in the tissues by the ultra- 

er trav and adds to the efiect.. For example, a Hy podermic miection 
of 2 millizrammes of hematoporphyrin into a white mouse produces no 
‘neonvenicnce while in the dark, but kills in three hours’ exposure to are 
Lu rt 

aa the final Process consisted in the introduction of the Mercury 
vapor arc in a tube of quartz, like Kromayer 5, rencrating the ultraviolet 
ray much more powerfully than any of the open are lamps. 

The therapeutic use of the ultraviolet ray 1s due to Finzen. Preiss. 
S.ifert. and others, who applied it to the sterilization of milk, and Coyr- 
mont and Nogier to the sterilization of considerable quantities of water. 

li has long been known that the most rapid vibrations among the 
ultraviolet rays are the most active, and Thiele and Wolf proved this 
by the use of a screen of blue rock salt, which arrested the heat rays, the 
visible ravs. and the ultraviolet of a wave-lengt h Freater than 330 mu... 
hut which was perfectly transparent to ultraviolet rays of a wave- 
length from 330 to 219 mu. 

‘Measurement of the Intensity of the Ultraviolet Rays.—The in- 
tensity of the different wave-lengths generated by an ultraviolet lamp 
may be measured by a delicate thermopyle and a quartz lens or differ- 
ently abeorbent screens. A relative measure of the entire ultraviolet 
radiation is obtained by measuring the ionization of gases and electrifi- 
eation of metallic surfaces very much as racdio-activity is measured. 
Becquerel’s method, modified by Eder, is based upon the amount of 
calomel precipitated from a mixture of ammonium oxalate and bichlond 
of mercury. 

The sterilizing effect upon a twelve- or twenty-four-hour-old culture 
of colon bacilli upon agar is emploved by Henn Cernovodeanu and Henn 
(l.¢.). The bacilli are carefully scraped off without any lumps of agar 
and are emulsified in distilled water and exposed at a distance of 2) cm. 
from the lamp. This reaction is almost exclusively limited to the invis- 
ible ultraviolet rays, and the interposition of a sheet of colorless glass 1 
mim. (a'- inch) thick makes it take 1000 or 2000 times as long to sterilize 
the emulsion of bacilli. An exposure of one second with a certain mer- 
cury vapor lamp with 140 volts and 4.7 amperes produces complete 
sterilization, while 300 seconds are required with 23 volts and 2.3 amperes. 
The photographic effect upon nitrate of silver paper (solio matt) 1s 
employed by the same authors. This paper, when exposed to the light 
from a mercury vapor lamp, is chiefly acted upon by the ultraviolet 
rays, only one-cighth of the effect being due to the visible rays- | 

The time required to produce an equal discoloration inversely 
proportional to the bactericidal activity. A means of arriving at the 
proper color of the paper is by comparison with the action upon iodid of 

potassium. Henri-Cemovodeanu and Henri place 9 c.c. of 5 per cent. 
solution of 25 per cent. sulphuric acid in a glass dish, 3 cm. in diameter, at 
a distance of 20 cm. below the lamp, and determine the time required 
to liberate 0.15 milligramme of iodin. 
1 Arch. fir Hygiene, 59, pp. 20-55, 1908. 
* Eder. Acad. Vienna, October 16, 1879. 
i 
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The bactericidal effect is neither slowed nor hastened materially by 


the LT TALE Al which the ultra eolert ray 1 applet. in 1 1a it 


ofl 
follows Croldberg’s law regarding true photochemic reactions! Tr 
entirely contrary to ordinary chemic reactions, which 
i} LEM Dera ture. 


bie 
The bactericidal effect of ltr; violet rays is the same 


his 1s 
tare many times 


more active at hi 


L ii 
whether the 


emulsion is a liquid or is frozen into ice, providing the latter is irans- 


parent. 

, it was formerly supposed that the bactericidal effect of the ultra- 
Viorel ras Wiles due to PCroxid of hydrogen Fenerated by tha ras Bat 
bacteria are killed just as quickly in the absence of oxVren or even i: 
vacuum, and Henri-( ermovodeanu and Henri have measured 


Ven In a 
tt of id oof he , : ec te the quan- 
tity of peroxid of hydrogen generated during the few seconds required to 
sterilize an emulsion of colon bacilli and find it to be am infinitesimal 
I Fede. = Ra. 
DD ferent organic sul stances are variously susce ptible to change uncer 
the influence of ultraviolet rays. Glucose is much more resistant than 
revulose, and some fatty acids are niore quickly saponified than others. 
Che cancer cells in mice are more susceptible than the normal cells. 


(Cernovodeanu and Négre.) The visible effect (with the ultramicro- 
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scope) upon protoplasm is coagulation. Micro-organisms of consider- 
able size, like parameces, and the white blood-cells and the white of egg 
anc the blood-plasma, all show this effect when exposed to the ultra- 
Violet rays. 

Microbes and animal cells of all kinds are fixed by exposure to 
ultraviolet rays. Thus, the red blood-cells no longer lose their hemo- 
globin on the addition of water. The microbes are more difficult to 
color with different stains: and if the exposure has been prolonged, the 
microbes undergo granular disintegration. Gram’s staining no longer 
lakes effect and the acid resistance cl tubercle bacilli is lost. 

Sterilization of Water and Milk by the Ultraviolet Rays.— Water, 
Which has been rendered perfectly transparent by filtering, can be 

‘et. fir wise. Photogr. Photoph. und Photochem., 4, 67, 1906. 

* Transactions of Illuminating Engineers Socicty, January, 1914, p. 19. (The 
Mercury Vapor Quartz Lamp, W. A. D. Evans.) 





= 
bpd 


ge through an apparatus in which it must 
fo Tine. wnt by a a Cine 

iE nh operation. 
4 current of 725 


1 
‘as rere 
CLik%s AliUK cannot 


mercury vapor quartz lamp i: 
parntus shown in Fig. 421] requires 
lize 130,000 gallons of water pe 


ltt : 


' Jira violet Tavs xcept In such thin lnVWers a8 to be 
it. and no very practicable apparatus is yet in use for this 
Mirra. 
ae a Physiologic Effect of a Local Application of the Ultraviolet 
Ray.—The effort 1 chiefiy confined to the skin, and consists of an 
ervthema with a papular swelling which olten develops Into «a blister 
in the course of twelve to twenty-four Hours. The bhister des and when 
the crust falls off no sear 15 found. Meironsky" finds that the ultra- 
violet light stimulates epithelial cells and increases their metabolism, 
but strong applications cause degeneration and blistering. There is a 
congestion of the blood-vessels_ with CMUCTUuLOn Of leukocytes anc 
extravasations of blood into the HISSues. There is the INCTeASe in fibrows 
tissue eclls already noted and a swelling of the connective-tissue Stroma. 
A deposit of pigment granules may take place in all the different layers 
of epithelia. | 

Granulating surfaces heal much faster if treated by ultraviolet light. 

Blood circulating in the tissues limits the effect of the ultraviolet 
ray to the most superficial layers of the skin. Finsen blanched the 
sian by pressing a quartz lens upon it, and others have injected adre- 
nalin or introduced the latter by clectroiysis. 

Sensibilization of the Tissues to Light.—The tissues may be 
rendered’ more sensitive to light rays by the mjection of substances 
like erythrosin. This substance renders the tissues sensitive to the 
ravs, from the greenish-yellow to the yellow-orange inclusive, which 
ordinarily do not affect the tissues. The effect of a Fimsen treatment 1s 
thus obtained in one-fourth te one-third the ordinary time. Dreyer” 
introduced the use of this substance following the experiments of Tap- 
peiner and Raab upon protozoa and animal tissues. The value of the 
method, however, has been seriously questioned. | 

Eosin has been used in the same way a5 erythrosin * with favorable 
results in tubercular, syphilitic, and cancerous conditions of the skm. 
Straub’s theory is that eosin generates hydrogen peroxid under the 
influence of light. . : 

Morton’s method of sensibilization of the tissues to hght and other 
radiations by the internal administration of quimin or fluorescm 1s still 
sub judice, and the author's own observations do not confirm 1ts value. 

Sorrentino” paints the surface of the lupus with an arseniate, which 
seems to allow the rays to penetrate the tissues. 

Forschhammer® used the followmg solution: 

KR. Erythrosin. . 
Sodium chiorid . 
Distilled water. 


' Monatshefte {. Dermatologic, xlu, 1906. 

* Dennatol. Zeitach., rv, No. 10. | Seite 

* Tappeiner and Lesionck, Manch. Med. Woch., 1903, No. 47. 
‘ Giornale ital. delle malatti vener. i della pelle, 1906, No. 1. 
‘ Devtech. Med. Woch., Sept. 15, 1904. 
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The Effect of Ultraviolet Rays Upon the Eye.—This isa = 


een studied in detail by Birch-Hirschfeld.t The rays jp 
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ts were from a varnety of Soul 
electrodes: a dermo lamp with iron electrodes: spars 


electrostatie mduection appears Lis" sunlicht. Quart ra li pO he a 
used to concentrate the ravs in the eve. 

The ultraviolet Tavs are largely arrested by the crystalline lens, 
and this protects the retina trom any marked effect. An Ve from 
which the crystalline lens has been removed, for experiment or for the 
cure of cataract, loses this natural protection. The especial changes 
in the retina from exposure to a powerful are lamp under these cir- 
cumstances are a loss of chromatin in the ganglionic cells and the 
development of vacuoles in the protoplasm of these cells. The nuclei 
of the same cells are large and clearly defined and have a vacuolar 
appearance with a very distinct nucleolus. Every other part of the 
retina is affected to a slight extent. These changes may be noticed 
at once or may take twenty-four hours to develop. They are recovered 
from in a few days. 

Exposure of the normal eye to the powerful are lamps used in photo- 
therapy produces also important changes in all the ocular media except 
the crystalline lens, which remains transparent. There are conjune- 
tivitis; cloudiness of the cornea and partial desquamation and some- 
times karyokinesis and vacuolization of its epithelium: iritis and fibrinous 
exudation in the anterior and pesterior chambers of the eve. These 
conditions disappear after a few days, but slight corneal trouble. hypere- 
mia. and the vacuolization of the ganglionic cells of the retina may 
remain for a long time. 

_ Sunlight is very rich in ultraviolet rays under certain special con- 
ditions. The reflected glare from snowfields upon high mountains in 
winter affords an example, and the eyes often suffer in consequence. 

_ The ultraviolet rays in the blinding flash of hight to which electn- 
PMNs are sometimes exposed from accidental short-circuiting produce 
Important effects upon the eve: There is often temporary phates 
lasting a few minutes or a few hours, and sometimes there is erythrop- 
sia; all objects, especially bright ones, appear red. After s few hours 
the conjunctiva becomes red and swollen with a feeling as if the eyes 
were full of sand. Keratitis and iritis develop. These conditions all 
disappear in a few days, but in some of these cases there are also changes 
in the retina which may last for a long time or even be permanent, and 
which are perhaps not due to the ultraviolet rays alone. 

_ The effect of a stroke of lightning u pon the eye is often very severe— 
the crystalline lens may become opaque (eataract), and there may be 
atrophy of the optic nerve or slighter nervous changes. These do not 
appear to be due to the influence of light alone. : 

Ordinary eyeglasses protect the eye perfectly from the rays which 

‘ Areh. f. Ophthalmologie, vol. Iviii, p. 469. 
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Light.—This occurs quite frequently 
repair are lamps, and under conditions 
it that the trouble ts caused by the light and not 
heat rays. We belteve also that it is due to the rays at the violet: 
he spectrum and to the ultraviolet rays. The affection is only 
Jrary and the treatment is by cold affusions of boric acid eolution. 
sre serious cases have been observed by Fuchs and are complicated 
by myosis, slicht opacities, and erosions of the cornea, but these aleo 
are recovered from in afew days. Harold Grimsdale has given detailed 
reports of several cases. One case was in a workman who had profuse 
lachrymation and redness and edema of the conjunctiva with several 
little papules. Vision was notably diminished. He had repaired an 
are lamp which remained lighted while he was working at it. Photo- 
phobia and the other symptoms enumerated above had come on within 
a few hours. Rapid recovery followed the use of cocam and cold 
affusions of boric acid solution. Smoked glasses had to be worn for 
some time afterward. 

Another of Grimsdale’s cases tollowed an instantaneous exposure. 
An engineer Was arranging some incandescent lamps and a short circuit 
occurred. There was a flash of light lasting an exceedingly short time. 
The man felt blinded, but was able to see directly afterward. There 
Was severe pain lasting for a few minutes, but toward night all the 
symptoms had disappeared for the time. He awoke im the night, 
however, with an intolerable itching of the eyelids, as 1f their mucous sur- 
face were covered with sand. There was lachrymation, but no blepha- 
rospasm or marked photophobia. The-palpebral conjunctiva was con- 
gested and covered with papules. Vision was normal. Coca and 
cold affusions of boric acid solution effected a cure in two days. 

The present author once performed an experiment m which a heavy 
steel finger-nail file held in the hand was used to short circuit the L10- 
volt direct current. There was a wonderful flash of light and about 
¢ inch of the steel was.actually consumed; not merely melted, but 
vaporized and dissipated. The author’s face was about lo inches from 
the powerful are thus produced, but there was no perceptible ee 
upon his eyes. Unfortunately, he is unable to recall whether he had 
eyeglasses on at the time or not. Plain glass does not arrest muc 
af ae visible light, but it does stop a great part of the invisible ultra- 
violet rays, which are highly actinic. Seeger Sot 

Physiologic Effects of Ultraviolet Ray Baths.—Those Aare ne 
which are lights are the source of illumination give the aera ea 
benefit of the ultraviolet rays as well as of the hght rays “2 
radiant heat. | are 

The effect is a vasodilator one upon the skin and a reduction In gen" 
eral blood-pressure, which is of sufficient duration to Make M1 “rr: 
tion valuable in many cardiovascular diseases, including angina pectons- 
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are-light bath has been studied, prim 
h of the Finsen Institute of Copen! 


‘| 
results of these oheservat 


The cutancous hyperemia produced by the intense act 
| ri t=. andl this slowLnog May per bod firs 
boa b Le Fa : 
2. This may be caused by partial paralysis of the muscular walle 
of the cutaneous blood-veszels 
The slowness of the respiratory movements 1s offset OY their 


“increased depth, so that the amount of air inhaled per minute jz 
unchanged. 

!. The chemic respiratory exchanges are slichtly increased the 
following dav. 


®. The frequency of respiration even under normal conditions js 
subject Lo resulatic in by variations In the cutaneous YaEsO0Motor iInner- 
W ait rt iT). 
6. Such a lirht bath renerally lowers the arterin| tension about 
S per cent., and this reduction sometimes remains for a month atter a 
course of baths. 
7. The pulse-rate is increased in some patients and reduced in others. 
5. [here is sometimes a temporary mental stimulation. 
Physiologic Effect of Incandescent Electric-light Baths,— 
The THOsTt marked effects are profuse sie ating and superficial vasocils- 
tation which increased tissue changes and lowered 
arterial tension. As commonly applied the effect is 
due chiefly to the radiant heat, but there is suffi- 
clent evidence that the light itself is a'so beneficial. 
fhe Temperature of Incandescent Electric-light 
Baths —The statement is sometimes made that 
electric-light baths at about the temperature of the 
body will cause profuse perspiration in five or ten 
minutes. Experiments by Pariset? with different 
kinds of thermometers show that thermometers ex- 
posed to radiant heat in the open air register very 
| differently (a difference of 31° C.). according to 
Fig. 422.straip},, Whether the mereury bulb is a dull black or is of 
flament incandescent the usual polished glass. Even after fifteen minutes 
reflectar for’ ee’ ~—s in. a closed electric-lizht bath the two thermometers 
iether for eoneen. : = : “eh = Se ta 
trated electric —licht showed a difference of 7 C. (about 17° F.). Itt 
ee patent. essential that the temperature the patient is exposed 
Schall Elangen), to should be known and that the thermometer bulb 
should be blackened and should be exposed to the 
direct rays of the light at the same distance as the patient. Sweating 
Tia’ he produced by dark heat, but it requires “| hither temperature and 
lacks the other effects produced by the penctration of radiant heat from 
& luminous source. It is not always necessary or desirable to have the 
electric-light bath closed up practically air-tight. It is sometimes pleas- 
anter to the patient to have the licht bath ventilated so that the patient 
is not in as hot an air bath as in the other case. To make this equally 
effective the light should be concentrated upon the patient and not 
wasted in heating the walls of the cabinet and the air contained therein. 
' Minch. Med. Woech., Jan. 16, 1908. 
*C. KR. de Is Soc. de Biol. July 5, 1907. 





i fife the ordinary closed 
tis about 80° C, or 177° F 

The com entrated ele tric-lieht bath with ventilation ee Perepira- 
tion to berin at a temperature of 77. F., and the maximum teroperature 
of the air need not be over 112° F. A thermometer with a blackened 


bulb placed at the surface of the body and directly exposed to the rays 


of light and heat would register a considerably higher temperature, 
probably about 177" F. = 

Treatment by Concentrated Incandescent Electmic Light— 

Five hundred candle-power applied locally for about filteen minutes 
-< very effective in sciatica, lumbago, dyspepsia, colitis, pruritus vulve, 
rheumatoid arthritis, and cases upon the border-line between gout and 
neuritis. Some of the latter have finger-jomis which are red and shiny 
and swollen and exquisitely tender. The application should be strong 
enough to redden the skin and cause the patient to move about to 
prevent overheating, hut not strore enough to blister. Static elec- 
tricity is a valuable adjunct in the treatment of these conditions. 

Treatment by Red Light.—This is effective in smallpox, where 
it prevents pitting, and in searlet fever, measles, erysipelas, and noma. 
It is ordinarily applied by keeping the patient In a room where only 
red liczht is admitted. There seems to be reason to think that the 
came results would not be obtained in complete darkness, that they are 
not due alone to the exclusion of the other colors, but that the red hight 
has & specie citect Lion the skin and renders 1t resistant to bacterial 
and other morbific agents. mats ’ 

The cure of recurrent sunburn by wearing a red veil,’ and of eczema 
by sunlicht, while the affected parts are covered by red cloth, tea 
along the same lines. Freckles, seborrheic eczema, and rosacea EEpOrx. 
hceica have been treated by ointments containing a red pigment ct sant 

Blue-light Anesthesia.—The claim is made that blue light ee 
a calmative and sedative influence and produces a sense of W ie cee 
and that fixation of the eves upon this light lor a lew seconds proc ae 
insensibility of the face. This is said to permit of the painless acai 
ance of minor operations, particularly the extraction of teeth. hemes 

The patient's face is covered with a light blue veil; fi tor ae 
4 16-candle-power Incandescent electric-light bulb with —— 7 for two 
distance of about 7 inches. The patient looks steadily a ; ra ig 
or three minutes and at the end of that time is usually developed this 
condition, with dilated pupils. Dr. Redard, of Geneva, ecessful in 
method for the painless extraction of teeth, and finds it ete : cessfully 
two-thirds of the cases. He and others who have used i ai not an 
think the effect is a direct one upon the nervous sya oat 
example of hypnotism. The anesthesia is limited tot hee 

Blue-light Treatment.— Blue spectacles have long bee 


=5%F i lit , he seashore 
protection of normal eyes from the excessive sunlight at the 5 


t Veiel, Vierteljabrech. f. Dermatologie, 1887, p. 1114. ag 
* Redard ged Cavalié, Ciagette Sciences medicale de Bordeaux, No. 35. 
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icular color of the glass. 

ftect of hlue r]ass windows wpon the 
the health of persons in rooms thus illuminated 

The Minin Lamp. This is an incandescent lamp with : 
bulb and a reflector. | Its efiect is almost exclusively due to heat antl 4s 
favorable in joint injuries and inflammations, and in eczema, superficial 


aco, but the method has been abandoned. 


blue glass 


dermatoses, neuraleia, and rheumatism. 

Kaiser's method of blue-light therapy* employs a carbon arc lamp 
actuated by a direct current of 15 amperes and 110 volts, with a para- 
bolic reflector and a screen of strips of blue glass or a screen made of a 
elass-walled cell full of water in which methyvlene-blue and a little alum 
are dissolved. The latter makes the best sereen because it arrests 
most of the heat rays. The patient is at the focus of the rays about 
2 meters (6 feet) from the lamp. Good results are reported in tuber- 
culosis of the joints and of the skin (lupus). 

Blue-light with moderate heat has been used by the author in the 
treatment of pain and swelling of the face from irritation of the nerve 
leading toatooth. Such a condition may occur after a crown is applied, 
and if it 1s simply from mechanic and chemic irritation without infec- 
tion the author has seen it subside under this treatment. The lamp 
employed was a 32-candle-power incandescent blue glass bulb with a 
parabolic reflector. The face was protected by cardboard with a hole 
3 inches in diameter which exposed the swollen cheek. The ravs were 
not brought to a sharp focus, but concentrated upon the area, and 
the heat was entirely endurable, but still sufficient to redden the skin. 
Only one application was made, lasting ten minutes. The ease did 
hot progress beyond the stage at which the light treatment was applied, 
and in a short time the irritation subsided without having to remove 
the gold crown. How much the light treatment had to do with 
securing this result is a matter which the dentist (Dr. Gillett) is unable 
to decide. The patient herself did not think the licht had produced 
much effect. = 
a ave nee Baths.— General baths of blue light at a temperature of 

om its to lee’ F. and lasting for twenty or twenty-five minutes 
may be Elven every day at first and later every two or three days and 
aes mene date follovred by * bath in tepid water. They have 
Ea | ct im such cases as neuralgia and rheuma- 
found very cilective ve ght in the open air, not a cabinet, have been 
ports the cure of a case of Severe inte . tar: acters ee ae LiF 
duration by fifteen treatments Aes ercosta neuralgia of two months 

of sciatica, in which other Aba Ha Ee Ease and in a case 
cure in fifteen days. The ap ati ae red : oe oe ut baths effected . 

glass incandescent lamp with a large parbolic reflector ee 

| irfgc parabolic reflector. 

[Wien 1 unde : 7 
Jour. de Phywotherapia: pes: 103 
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either incandescent or are lamps Are Among 
» best means of treatine rheumatism and gout and a vanety of cardio- 


yaseula r SITections, 


Angina Pectoris.—Fitteen patients treated by Jacohamus! shower 
the following results: 4 very grave cases showed some improvement, 
hut later succumbed to the progress of the disease: 3 old severe cases 
were improved and the severity of the attacks was reduced; in 3 milder 
CASES the attacks of precordial pain disappeared entirely, anc this Wis 
the case also in 3 moderately severe cases. That the effect was due 
to the treatment is shown by the recurrence of pain in 2 cases when 
the treatment was stopped and its disappearance when the treatment 
was resumed, 

Hescelbach and Jacohaeus? have pursued the same ime of treatment 
somewhat further. They use powerful carbon arc lamps in the baths 
and obtain a dermatitis which from repeated applications becomes 
a chronic hyperemia lasting perhaps as long as a year and may be accom- 
panied by a lasting effect in relieving internal congestion and the hike. 
Respiration exchanges are unaltered, but respirations become less fre- 
quent and deeper, inspiration being prolonged. A patient with eardiac 
distress breathes much more freely. Arterial pressure beszins to dimin- 
-h after the third treatment. Both the diastolic and the systolic 
pressures are reduced, but the difference between the two becomes 
creater than before. The pulse-rate 1s unaffected. Dilatation of the 
heart is usually reduced during a course of treatment. 

Fifty cases of various neuroses treated in this way showed great 
improvement. : 4 

One hundred and thirty-one patients with chromic or orzanit heart- 
disease were treated. In some cases the valvular insufheiency was 
only moderated, but even then the sense of fulness and tension 3S" 
reduced and so were the dyspnea and palpitation on exeruon. Cardiac 
dilatation was usually reduced; 44 cases of true angils pectoris Zave 
rapid and strikingly favorable results which were quite lasting. Pe 

Combined Electric-light Baths and Hydro-electric Baths tm 
Obesity.—The electric-light bath is followed by 4 general warm WSter 
bath which is progressively cooled, while at the same time 4 arate Te 
current of 100 to 120 ma. is applied through tt for twenty to © zh 
minutes: this is one of the most effective modes of treatment. Fatty 
degeneration of the heart 1= a contra-indication to this treatment. so 

‘Examples of the Use of the Mercury Vapor Lemp ae Tone 
has employed the Cooper Hewitt lamp with benesit © ie ets to 
geal and pulmonary tuberculosis. A lamp of 450 cand Bho eo 
which is added the influence of a reflector ck of it, is plac 


' fe - , a “I . am 1907. | | = ~ 
Senomd A pH Congress of Physiotherapie, Rome, Oct. 15, 1007. 
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ta vear later. 
r| zhown by ther experiments’ that applied 
trom the Cooper He witt lamp does not kill o1 iL 
parently influence bacteria with an exposure of seventy-five minutes. 
But in a more highly concentrated form the mercury vapor ligt 
bactericidal effect and may be used in the treatment of lupus (Kromaver). 

As an electric-hght bath the light from the Cooper Hewitt mereury 
vapor lamp | uces a general tonic effect, Improving the appetite and 
digestion and removing insomnia. Nogier has seen long-standing eases 
of amenorrhea become normal under the treatment. He obtained satiz- 
factory results in cases of anemia and chlorosis by combining this treat- 
ment with general measures. 

Locally, it has the usual analeesic effect of radiant heat com- 
bined with light, and relieves gouty and rheumatic and muscular 
pains. 

Pelvie pains of various natures are often relieved by applying this 
or similar lights over the hypogastrium. 

Nogier has shown by actual dynamometric measurement in 1? 
patients that there is an increase in muscular power. 

Vacuum Bulbs of Pure Quartz.—These can be made up to about 2 
inches in diameter by fusing quartz sand with scarcely any other admix- 
ture. They transmit the ultraviolet ray perfectly and mercury vapor 
lamps so constructed are very active physiologically. 

The uriol lamp is practically the same as the Cooper Hewitt lamp, 
except that the tube is made of glass which is supposed to transmit 
high rates of vibration and hence more of the ultraviolet rays. The 
effect of the uviol lamp has not been fully tested, but it has been found 
to be very active superficially, and Pellizari has not found it to produce 
os deep an effect lon lupus as the Finsen lamp. 

Diagnostic Uses of the Cooper Hewitt Light—The normal face pre- 
sents a stnikingly unnatural appearance by this light which is devoid 
of red rays. Every red blood-vessel looks almost black and the lips 
are adark purple. The skin of the chest and abdomen may be examined 
In cases of suspected syphilis before the eruption; the latter bemg 
visible by this light several days before it is perceptible by ordinary 
light. In the same way at a later stage the eruption may be found 
aiter it is no longer noticeable by ordinary light. The Cooper Hewitt 
mercury vapor lamp may also be used to watch for the earliest evidence 
of Réntgen dermatitis. 

Therapeutic Uses of the Kromayer Lamp.—This light may be 
apphed to the treatment of recent trachoma. 

One end of a quartz rod is in close contact with the quartz tube of the 
lamp, and all the light passes tothe other end of the rod and affects the 
tissues without any lateral diffusion. This is a successful method of 
Treatment. 

With the lamp at a distance of at least 4 inches from the skin, an 
application of five to fifteen minutes is effective in n wide ringe of skin 

‘Second Congress of Physiotherapy, Home, Oet, 13, 1007. 
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Fig. 423.—Ministure alpine sun (Hanovia Chemical and Manufacturing Co., Newark). 


upon blood-pressure and for the treatment of a long list of skin diseases: 
lupus, chaneroid, lipoma, nevus, alopecia areata, acne vulgaris and 
rosacea, eczema. frost-bites. intert rigo, ervthrasma, chronic ulcers, 
psoriasis, eczema seborrhoica, falling of the hair, vitiligo. The dosage 
for a constitutional effect is three minutes front and back at a distance of 
28 inches for the first treatment, gradually increased at subsequent treat 
ments as the skin becomes tanned. Finally, the exposures may be as 
long as twenty minutes at a distance of 15 inches. The dosage m eczema 
is one minute at 16 inches, gradually increased at subsequent treatments 
to a maximum of five minutes at a distance of 8 inches. Acne, eczema, 
and other diseases of the face should receive at first one minute at 20 
inches and gradually increased to a maximum of three minutes at the 
same distance. Closing the eyes protects them sufficiently. 

Many of the indications for epee ge treatment in medical gyne- 
ecologic and surgical cases are met by this lamp. 5 

Sunlight in the Treatment of Tubescalice ee host. of observations 

show that exposure of the part to the direct rays of the sun produces 
benefit in tuberculosis of the bones and joints. 





THE X-RAY 
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heht eould i Silo Le Tyla the darkened room He neat 7 Pcl. none the leas 
hat a sheet of paper coated with tungstate of calcium began to emit 
through substances opaque to ordinary light and produce luminous 
ettects Upon Cereal OD JECTS beyond. 


light. He had discovered the x-ray, a form of radiation which x ll pass 


lt 18 a form of motion similar to lirht. but with some trillions or 
vibrations a second and a wave-length as short. sometimes, as 4 em. 
It penetrates solid bodies opaque to light waves and causes brilliant 
Huorescence in certain chemie substances beyond. 

The z-ray itself is mvisible. Our perception of it is due to the 
luminosity of fluorescent substances which it shines upon. 

Differences in the Penetrating Power of Ordinary Light of 
Different Colors.—Even weak blue hight will go through a blue solu- 
tion and uluminate objects beyond, while the strongest blue light will 
be stopped by a solution of bichromate of potash. The reverse is true 
of yellow light. 

The ruby colored glass which forms the window of a photographic 
dark-room transmits the red rays of ordinary lieht in. sufficient abun- 
dance to enable one to see objects distinctly, but if a blue light were 
used outside of the dark-room practically none of it would penetrate 
the ruby glass and the interior of the dark-room would be in complete 
obseurity. There are many other examples of substances which are 
transparent to ordinary light vibrations of a certain wave length and 
opaque to others. 

Many substances which are not transparent, still are translucent. 
The shadow of the hand is readily seen through a piece of porcelain or a 
sheet of white paper. Neither of these substances would serve as a 
wrapper for a sensitized photographic plate. The light goes richt 
through them and would fog the plates. Black paper, however, absorbs 
all the rays of ordinary light and serves to protect photographic plates 
from ordinary light. Transparency to ordinary light is like color, in 
that it depends upon the arrangement of the molecules of the substance 
rather than upon the ultimate chemic or atomic composition. Coal 
~ Opaque, while the diamond, consisting of about equally pure carbon, 
is perfectly transparent to ordinary ight. A transparent ‘solution of 
albumin shaken up with a transparent ol will form an opaque emulsion. 
Specific gravity plays little or no part in regard to transparency to 
ordinary light. Cork and black paper are opaque, while glass, which is 
very much heavier, is transparent. 

It is not strange then that certain substances which are opaque to 


ordinary light should be transparent to the z-ray, which has quite a 
different rate of vibration 
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Differences Between the w-Ray and Ordinary 
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i carbon an 
dotere pF ae Ll are transparent 
| e- i2 Mmm. of platinum IS transparent. Silver 
nd copper may be decidedly thicker; 1.5 mm. of lead is quite opaque. 
The salts of the lifferent metals give very similar results, whether solid 
or mn solution. 

Absorption of a-Rays by the Air.— Air absorbs about 1 per cent. of the 
z-rav per decimeter (4 inches). Eve and Day’ find that rays froma very 
hard t-ray tube show an absorption of about 0.00025 for each centimeter 
of air, a medium tube 0.0004, and a very soft tube from 0.001 to 0.0018. 
These figures were truce at distances of from 4 to 40 meters. The rays 
reaching beyond the latter distance showed a lessened rate of absorption. 

‘he opacity is not in direct relation with the density of the objects. 
fit were so, a sheet of aluminum 6 inches square and thick enough to be 
as opaque as a sheet of platinum 6 inches square ought to have the same 
weight. This is very far from being the case. In one series of experi- 
ments by Rontgen sheets of platinum, zinc, lead, and aluminum were 
rolled until they appeared to be of almost equal transparency. The 
following table gives the thickness in millimeters of the thicknesses 
relative to the platinum and density: 

Relative 
thickness. 
0.018 I a1. 

o I 


Thickne=. Density. 
= 0.10 6 
ue oe 200 


In this experiment a sheet of aluminum would have to be 200 times 
as thick as a sheet of platinum in order to have the same opacity, and 
as its density is about one-eighth that of platinum, the sheet of aluminum 
would weigh twenty-five times as much as one of platmum equally 
opaque to the x-rays. : 

_ The relation between density and opacity to the r-ray_ varies under 
different conditions of the x-ray tube. When the tube 15 giviné out 
mostly hard or highly penetrating rays a piece of alummum 12 ge 
thick has the same opacity as a sheet of silver 0.11 mm. thie! p 
while with a very low degree of vacuum in the Z-ray tube 1 mm. 0 
aluminum has the same opacity as 0.1] mm. of silver. This is the basic 
principle of the Benoist radiochromometer, an instrument for MeASUn,, 
ing the quality of the z-ray. Color has no influence upon transparenc) 
to the z-ray, and neither has the fact that the substance 15 opaque ce 
Seareparet to ordinary light. Giese much less transparent to the 
z-ray than black paper, wood, or aluminum. Paes 

Lenard's Low. Dilferent substances impinged upon by 2-rays of 
the same wave-length absorb them equally for equal reights. 

‘Phil. Mag., 23, 1012, 653. 





MEDICAL ELECTRICITY AND RONTGEN RAYS 
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Rood’s observations in regard to the reflection of z-rays! Selmer to 


indicate that 7, of the z-ray was reflected from a metallic surface 
which it strikes at an angle of 45 degrees. In the light of our present 


knowledge it seems probable that this small fraction of z-ray found jn 4 
recion which it seemingly could only reach by reflection gets there either 
by secondary radiation or by direct penetration throuch the interven. 
Ing ODJeCcs. . 
Ordinary light may be made up of a mixture of different colors. but 
if separated by a prism each such colored beam of light is produced by a 
succession of umiform waves. Site 
The reflection and refraction of hight are supposed to depend upon 
this property of regulanty of vibration which is lacking in r-rave to 7 
very great extent. A stone dropped into water starts a wave or eleva- 
tron of the surface of the water which forms a circle of constantly Tee 
ing size, and if this were only followed by other waves when other nebhle< 
of various sizes were thrown into the water with Eieat acne 
resulting waves would be analogous to those of the x-ray. Each wave 
of the t-Tay requires 1} separate anc distinct impulse and may have = 
different velocity from the one preceding or following it. veh as 
, nother reason why z-rays are not ordinarily reflected is that the 
vibrations are so much smaller than those of light that an ordinary mir- 
ror 15 45 coarse to them as the surface of this paper is to ordinary licht 
which it partly transmits, partly absorbs, and partly diffuses. Diffusion 
In the case of the -ray 1s by secondary rays. ~ Tt has recently been ob- 
served that the z-ray is reflected to some extent from the cleavage planes 
of certain crystals. : oes Lat 
awit, ntemity of the illumination of the fluoroscopic screen varie 
by a very stn wie Speen rt the distance. The x-ray is not deflected even 
” Sir George Stokes’ Th 
are due to a succession of ind eae ee: of the 2-Ray.—The rays 
ether starting from the pain eee ;pa ations in the lumintferous 
the anticathode.— These are: Rape cr 2s ah cathode particles upon 
ordinary light: they are hs ae continuous vibrations Ki-e those of 
verse like those of oht ag a and extremely short. They are trans 
Sir Joseph Thomson es 4 eae Be Sue veroerty According to 
Corpuscular Theo of Bs SaA0IONS are electromagnetic WAVES. 
and others that the elf - : Re Sl: = believed by Bragg, Porter, 
rene hires ce ta 4 : oes of material particles traveling at a 
heed er vibeatous oF = ; ost : DSeTVeTs, however, believe that it con- 
idles Saninead sa alae ee one Sune. It ts Interesting to nove 
light from a star a eh cary ight Is deviated by gravitation. The 
Passe near the sun deviates about 0.8 second. 


PROPERTIES OF THE RONIGEN RAY 


= It pou ces An Image upon a photographic plate in a container opaque 
Oo ore erst hight and produces effects upon living animal tissues. It 
aa yerin she. air through which It passes to become a conductor of elee- 
ricity, and in this way tlecharges a positively or negatively charged body. 

'Scienee, March 27, 1806. 
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a5 shown that primary z-ravys 


<-Tays are partially polarized for certain 


of propagation. 
whist tate ts ‘rom the anticathode of an ordinary z-ray tube 
to be polarized by an experiment which shows that the 

S arising from the impact of the primary rays are of a 
iq any ane quality, accordme to whether they lie In the 
plane of the cathode stream or at a right angle to it. The entirely 
polarized rays irom a nm ordinary =P tube have the property ot renner. 
aGNe ecially rapid cathode rays. ‘The non-polarized part differs 
only in degree about this. An aluminum screen increases the polariza- 
tion slirhtly. 

As far as our present knowledge goes the x-ray travels in perfectly 
straight lines, but on striking any solid substance a portion of the rays 
is absorbed, another portion goes straight through. and a third por- 
tion, or perhaps an effect of the other two, causesa diffusion of z-rays and 
cathode rays In every direction, so that everything in the z-ray room is 
affected by it. The only way to prevent a photographic plate in the 
g-ray room from being fogged, for instance, 1s to keep it in a closed box 
of thick metal. The z-ray consists of many different wave-lengths and 
these have different degrees of penetration. Different substances 
present more or less resistance to the passage of the z-ray and this ab- 
sorption is very closely related to the atomic weight of the substance. 
The greater the atomic weight the greater the resistance to the passage 
of the z-rav, and this is true regardless of the transparency or opacity 
of the substance as regards ordinary light. Wood is very transparent 
to the z-ray, and so is aluminum, while glass is much less transparent 
and is more or less opaque in any thickness greater than § inch. The 
same difference in the amount of absorption is shown by the different 
tissues of the body. The lungs are almost perfectly transparent, and the 
superficial fascia with its layer of fat, the muscles and solid organs, the 
bones and the teeth absorb the z-ray to a greater degree in the order 
riven. The different degrees of absorption cause the a-Tay which has 
passed through any part of the body to produce a visible image upon a 
fluorescent screen or a photographic plate. We shall see further on 
that an x-ray picture is a chart of densities of the different tissues trav” 
ersed, and that next to safety the desiderata in radiography and 
Huoroscopy are preat intensity of radiance and a quality of ¥-Tay’, whieh 
shows the greatest difference in the degree of absorption im passing 
through different tissues. Aeeed 

Very soft x-rays are produced by an z-ray tube which a5 60 construcie’ 
as to be excited by a potential of only 900 volts. W. Sertz finds that 
different aes ahseorb these rays in different proportions, but not in any 
direct proportion to their atomic weight. For mstance, for rays: prU- 
duced by 1400 volts oxygen is very opaque and vapor of sulphur very 
Lransparent. 
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' Phys. Zeit., 13, 1912, 476. 





ren he IPisiiig rier mar r. rent aT TF Ra Th Wh ii] | | F it es eel nit 
i i i = i n I i 
asees throuch the CP, SOW OV Te ICeS Of PCIe | walsus za hle. 


hat under appropriate conditions the secondary Tavs fre 


IS Strong In orm DMT AS in another at rig nit angies tre tt This 


tends to the conelusian t!} at the £-TSay 15 cue to [Pans vVerse vibrations in 
the luminiferous ether. 

Characteristic Homogeneous Réntgen Rays.— These form part of 
the z-radiation from the anticathode of a Crookes’ tube anil heave , 
uniform wave-length which is dependent upon the specific gravity of 
the anti-cathode. The heavier metals produce the more penetrating 
characteristic Hontgren rays. 

Influence of Material of Anticathode Upon Character of Rontgen 
Rays.—The lower the specific gravity, the more absorbable sre the 
charactenstic homogeneous z-ravs. There are always heterogeneous 
r-rays in addition which are not affected by the nature of the anticathode 
except as to quantity, being less abundant with a low specific pravity. 

secondary 2-Rays and Homogeneous x-Rays.—A metal impinged 
upon by z-rays gives out several kinds of z-rays: Two kinds of I-Tavs. 
one heterogeneous of the same wave-leneths as the primary z-rays, and 
one homogeneous, characteristic of the metal impinged upon and only 
excited by primary x-rays of more rapid vibrations: also there are 
eathode particles. 

They do not continue to be emitted for even ggae Second after the 
CADOsSUre Clases. 

The characteristic homogeneous secondary <-Tays are more abun- 
dantly generated by impact upon substances of high atomic weight and 
are independent of whether it is a pure element or a compound. 

J.C. Chapman* has shown that the same characteristic homogeneous 
secondary x-rays are produced when the substance is in gaseous form. 

The impact of homogeneous z-rays produces homogeneous and hetero- 
geneous secondary z-rays, and also secondary cathodic corpuscular rays. 

When z-rays are sufficiently hard to produce a secondary homogeneous 
characteristic radiation in one of the elements present in a gas, there is 
always an increase in the emission of secondary corpuscular rays in the 
absorbent power of the gas for the rays in question and in the ionization 
of the gas produced by them." It is uncertain whether the major part 
of the ionization of a gas is produced by the z-rays themselves or by the 
secondary corpuscular rays. Barkla and Simons,* conclude from their 
experiments that it is chiefly due to the T-Tays. 

Production of Characteristic 2-Rays.’— The cathode (C) is plane. The 
cathode rays are about parallel and pass through a perforation in the 
anode into a space Z, where they are deviated to different extents by a 
magnetic field. 2% is a brass cylinder around which turns of insulated 
copper Wire carry a current in one fixed direction, producing the mag- 
netic field indicated by M-N. The voltage is varied until the cathode 
rays, which will excite its characteristic rays, reach V, an anticathode of 
the material to be tested. Through the window (W) of aluminum pass 
practically exclusively the characteristic x-rays. He finds the voltages 
required sare for: 

' Procerdings of Academy of Sciences, Amsterdam, August, 1906, 

* Phil. Maguzine, 21, 1911, p. 446, ae 

* Barkla, Le Radium, 7, 1910, 115: 8, 1911, 23, and @, 1912, 61. 

“Phil. Magazine, 23, 1012, 317. 7 | 

*R. Widdington, Cambridge University, Le Radium, 5, 1911, p. 236. | 
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eenresetoting eli ies Of the ecnthorle particl a 2.0 % LP erm, Der Secor for 
aluminum, 3.70 x 10° for iron, and 6.15 x 10 for copper. 

Characteristic Absorption of Heterogeneous w2-Rays by Different 
Materials.—Charlez A. Sadler and A. J. Steven' show th at with 


a iin 
aluminum anticathode, a window of aluminum, 0.00367 cm. thick, arrests 


the characteristic homogencous z-Trays while transmitting the hetero 
reneous T-rAavs which may prove to have a certain penetration. Now. 
increasing the thickness of the aluminum window, they find that the 
emereent heterogeneous rays have become softer, not more penetrating 
hy the increased thickness of the aluminum. Using screens of different 
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“ig. 424.—Separation of z-miys into different wave-lengths by a magnetic field, M to 
N, and production of characteristic homogeneous secondary z-rays at the accessory anti- 
eathode, V. W is an aluminum window beyond which an electroscope detects these rays. 


materials they find that heterogeneous rays which have passed through 
iron have become more absorbable or softer for aluminum than the 
heterogeneous rays from the same tube without the interposition of the 
iron screen. =P 

The theory is that substances absorb especially the z-rays, which 
would form their characteristic homogeneous radiation if they were used 
as anticathodes. 

The characteristic x-rays from iron are highly penetrating to alumi 
num, and if these are especially absorbed the average penetration to 
aluminum is reduced. An aluminum screen first increases the pene- 
tration to an iron screen beyond. | 

This does not mean that more z-ray gets through the iron screen 
than if the aluminum screen were not there also. It means that & Greater 
percentage of ravs which reach the iron screen get through 1t. 

Other Ways of Photographing Without Light.—Electrophotography. 
—An ordinary photographic plate wrapped in black paper & laid upon 4 
small sheet of metal about the same size. The latter is connected with 
the negative pole of a small spark coil (1 inch). The film side 1s upper- 
most and a coin is laid on top of the envelope. Over the coin another 
sheet of metal is laid which is connected to the positive terminal. A 
Single spark Ls passel CROSS the spark-2ap. Upon developing the plate 


' Phil. Magazine, 21, 1911, 659. 
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remain as attracted by the magne a few minutes—five to tan 
The plate is developed and the negative obtamed will show a shadow of 
the com. The result is due to magnetism, not to z-ray. 

Thermographs.—The plate 1s plac “lin water for A very short time: 
the coin ts then laid upon 1t and pressed somewhat. The coin is to have 
a different temperature, either hotter or colder than the film. Copper 
coins should be used, as silver will not give the effect. The developer is 
then poured into a tray with the comm still in position. The coin is then 
removed and the development 1s continued. After ten or sixteen min- 
ut es development or even half an hour, we find an image of the coin 
there. 

lonization.—The x-ray tonizes a gas through which it pa 
therefore causes insulated positively or negatively charged bodies to 
lose their electric charge. Air through which the z-rav has passed 
remains ionized for some time, and if aspirated through a tube this 
lonized air will discharge an electrified body which has itself never been 
exposed to the t-Tray. AA plug of cotton wool or several layers of very 
fine wire screen will remove the ionization from air passed through it. 
Tossing about a large object, whether electrified or not. in ionized air 
quickly deprives the air of this property. It is eradually lost under any 
circumstances, 

A-rays ionize di-electric liquids as well as gases. 

A pencil of homogeneous z-rays from copper or silver passes through 
re window of aluminum into the Interior of a ev lindric condenser. which 
metal gives out hardly any secondary rays under the influence of rays 
characteristic of copper or silver. ee 

W. Bragg' has made certain observations upon the #-rays, or see- 
ondary cathode particles excited by the impact of x-rays upon solid 
substances, and has found that the ionization of the surrounding gas 15 
no more than would be accounted for by these secondary cathode rays. 
He considers it doubtful whether the x-ray itself ionizes gases directly. 

Small ions are such as are produced by the passage of the 2-ray or 
of the Becquerel rays through the air. They move through a distance of 
about 1 em. Large tons, discovered by Langevin, are 50 times more num- 
erous in the normal atmosphere, but their mobility is about 2000 times less. 

_An electrically charged body with a solid non-conductor like paraffin, 
which a Transparent to the I-Tay, interposed, loses its charge when. &X- 
posed to the ray, but this does not take place if there is a complete outer 
metallic envelope connected with the earth. The discharging effect is 

due to contact with ionized air. 

The z-ray cannot be concentrated by lenses. An x-ray picture 15 

purely a permanent shadow, hence the name atiagraph., 
' Phys. Zeitechr. 12, ID11, Lis, 
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Fig. 425.—Simple form of x-ray tube: T. Target or anticathode. 


ularly, to this surface. This cathode stream on st nking any solid sub- 
stance, like the ol aes wall of the tube, rives rice to the form oft motion 
ealled the z-ray. The greatest improvement in the construction of 
x-ray tubes since the original discovery was in giving the cathode a 
concave suriace and focusing the cathode stream upon a platinum 
disk called the target or anticathode. This causes the r-rav to radiate 
irom a very small pomt and permits of much heavier eurrents beg used 


Pig. 426.—X-ray tube with secesso: ry anode in front of the anticathode. 


than was possible when the cathode stream was directed against the more 
easily fused glass wall of the tube. There has consequently been a won- 
derful gain in intensity and clearness of definition. ; 
Directions for Successfully Operating an a'-Ray Tube Excited 
by Either a Static Machine or an a--Ray Coil.—Before proceeding to 
deseribe the methods of using z-ray tubes, it is first essential that the 
operator should know. the names of the different parts of a tube. Fig. 
425 illustrates the most simple form of z-ray tube used at the present 





Ane | 
| i = 7 ] Fr 
i 4] an nmnectian i} eats ancicat aL wie * 


i 
i at hcecla 


‘ AUMInUm cup Ol 
all OMlinary Fri} tubes, 


Ts 
| 
| positions, 


rOMmMmmMon To 
! iT tire qahove-clese riba 


Fig. 427.—X-ray tube with aceeszory anode behind the anticathode. 


_ The next most common type of tube is shown by Fig. 426. As vou 
will notice, the target and aluminum cup are in the same relative nosi- 
tions as in Fig. 425. There is, however, an additional connection ((). 
having a flat aluminum disk inside of the main bulb. Sometimes it is 
a flat disk as shown, and again, it is simply a straight aluminum rod 
which may be sharp-pointed. In a recent Greene and Bauer tube the 
accessory anode consists of a sheet-iron cylinder which is supposed to 
trap certain deleterious gases, but in the author’s hands this has not 


Fig. 424.— Xray tube in whi C 
: SoA =P oi ae Ie ; 3 : 
: in Which the resistance may be adjusted by the osmo regulator. 


shown any particular difference. Instead of placing this disk in the 
Position shown ey Fig. 426, it may be placed as shown in Fic. 497, the 
Siig ie sunply that the flat disk is placed back of the target 
feats The bee Meteo ay placed a5 & matter of convenience in manu- 
The Senn th = ai 3 e in case there is any inverse discharge. 
resistance of berate ae  Ultas trated by Fig. 428, is one in which the 
ance Of the tube can be regulated. P represents a short piece of 
palladium or platinum tubing, which is sealed into the x-ray tube and 
has the outer end soldered. When the palladium or platinum tubing 
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Fig. 429.—Self-regulating tube. 


Fir. 429 illustrates a self-regulating tube. When a spark passes 
between the brass pointer P (patented by Queen and Company) and the 


negative connection B it causes a gas to be liberated from the mica disks, 
and in this manner lowers the resistance of the tube. If a connection 
from the positive pole of the apparatus is made to the terminal P, 1t 
causes the fine metal wire which is wound around a small glass rod to 


Fig. 430.— Another type of self-regulating tube. 


absorb whatever free gas may be in the bulb, and in this manner In- 
creases the resistance of the tube. ac pee 
Fig. 430 illustrates another type of self-regulating tube.  /Mls 
acts in the same manner as the one above described, excepting that 1 
does not have any device for increasing the resistance of the tube. 
A great many tubes are being put on the market, and very often 
the dealer neglects to send directions with the tube, but if you will 
always remember to connect the target with the positive pole of your 
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Fig. 431.—Chart of an z-ray tube: 1, Anticathode or anode surface; 2, cathode 


sftace: 3. anode or aceessory anode surface: 4, sealing-im point and cap of anti- 
cathode: 5, sealing-in point and cap of cathode; 6, sealing-in point and cap of anode: 
7, bemisphere of z-ray: 8, heightening device on regulator or auxiliary anticathode; 
9, lowering deviee on regulator or auxiliary cathode: 10, movable swivel on regulator; 
11, wall between univeresl reculatine device: 12, connection between mam bulb to 
regulating device; 13, glass rod back of anticathode; 14, glaze rod back of cathode; 
15, wire between anticathode and anole: 16, exhaust tip. 


other connections may be on the tube are for regulating its resistance m 
SOMmMe Manner. . 

Fig. 431 depicts the different parts of a Friedlander or a Muller, No. 
13, heavy target z-ray tube. 


Fig. 4¢2.—X-ray tube connected with the sliding rods of an electric machine. 


The first thing to know about a tube is to have a clear undersenaas 
a5 to what is meant by i. sort OF low tube, a medium and fl high or har 
tube, and in connection with this Fig. 432 shows an z-ray tube con- 
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| | ancl 2 in contact, then the distance which it is neres 
a3 irate them to stop the spark from passing between them is 
known as the parallel spark-gap. A. parallel spark from L inch to 14 
inches on the static machine would mean a medium tuhe: trom 11 a 
21 inches, a high tube, and a tube should not be used having a parallel 
spark-gap of more than + inches on the static machine. On a coil a 
parallel spark-gap of 3 inches gives about the same ray as the h-inch 


parallel spark-gap on the static machine. A 5-inch parallel spark-rap 
about the same as the 14-imch on the static machine, and an S-inch 


Fig. 433.—Spark-gape (3 to 4) for z-ray use of the static machine. 


parallel spark-gap on the coil the same as the 3-inch on the static. A tube 
that has a parallel spark-gap of 9 inches, should have the adyustor so 
that it just stops the spark from appearing between the terminals of the 
coil. When a tube has a parallel spark-gap of less than 4 inch on 4 
static machine, then by means of what is known as spark-gap or light- 
regulator, as shown in Fig. 405, a very much better ray can be obtained 
from the tube by separating 3 and 4, so that a spark appears between 
them. If the tube is very low, having a parallel spark-gap about } 
inch, then it may be necessary to separate 3 and 4 on each side from 1 
to 2 inches. When this is the case, a multiple spark-gap, as shown 
in Fig. 406, gives a more steady ray. This is due to the fact that the 
row of brass balls keeps the spark in line, and it does not tend to fly 
off, as when a single spark-gap of the same total length and resistance 
is used. The action of the spark-gap in connection with the static 
machine is to allow it to generate more current. A static machine 


on short circuit or a very low resistance, such as_is the case when an 
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Fig. 434.—Multi ple spark-rap. 


ance of a blue stream between the target and the aluminum cup (Fig. 
435). The majority of the z-rays are generated on the target at the 
point at which this blue stream strikes, and this blue stream is called 
the cathode stream. Prof. 8. P. Thompson has demonstrated the fact 
that the z-rays are given off in equal numbers in all directions from the 
anterior surface of the target, and not a maximum number at nicht angles 
to the center of the target. Caution: When a tube is to be used do not 





aT r oe ae 4 ' ; 
Fig. 435.—Visible cathode stream ian r-rav tube with too low a vacuum. 


separate the secondary terminals of the apparatus more than 1 inch 
beyond the parallel spark-gap of the tube: and if it 18 used on a atatic 
machine, and has a parallel spark-gap of more than 3 inches, then use 
the regulator just sufficiently to obtain a 3-inch parallel spark-gap. 
and if on a coil an S- or 9-inch parallel spark-gap at the most. The 
shorter the parallel spark the less will be the penetrating quality of the 
rays. | satiaieaeeiamiae 
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ic machine and 5 inches or less on an x-ray col. 
The Piffard sak LY 2t-TAay tube ( Fig. 450y ) Ws designed tor the pur- 
pose of doing away with the enclosing shields which have been made 
for z-rav tubes. This tube, which consists of two 4-inch lead class 
bulbs (two bulbs being used, as it was found impracticable to obtain 
a large bulb of the same opacity as the smaller bulbs), was made 
this way in order to obtain a comparatively large space inside the 
tube, so that its degree of vacuum would not change too quickly. 


It has in front of the target a small extension, into which is fused a 


Fig. 436.—Piffard safety x-ray tube. 


window of soda glass, which transmits the x-ray. There are two lead 
glass extensions made to fit on this projection, so that the rays can be 
directed .to any part of the body and imto Any Cavity. This tube 
was Intended primarily for the treatment of skin lesions with the x-ray, 
but it ean also be used for light fluoroscopic work and radiography. 
When used with a static machine, the termimal A 1s connected 
to the positive pole of the machine. Terminal 6 to the negative. 
ihe pointer is placed about 14 inches away irom the connection B. 
Under no circumstance should it be placed more than 2 inches iter 
irom BF. The shding rvls 1 and 2 are separated so that the spark 
just disappears. Under no circumstance should they be separated 
more than 3 inches, and under no circumstance should the pomter 
be brought nearer than 1 inch to the terminal 6. In using this tube 
for treatment purposes the exposure is usually much shorter than gee 
the usual tube is used, owing to the small diameter of the bulb, anc 
consequently, the part treated being closer to the target. | 
When used on an z-ray coil, the connections and applications above 
desenbed apply, with the exception that the terminals on the coil can 
be separated 4 or 5 inches, never more than that. The current 0 
excite this tube should not be very strong. If an electrolytic inter- 
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fi f atrengths above indicated sre not ereeeided. 
Repulation of -Ray Tubes for Radiotherapy.—In usine the 
f-ray [0F Therapeutic purposes the most important point to pay at- 
tention to 1s to so adjust your tube that the maximum number of raves 
renerated will be absorbed in the tissue under treatment. : 
At the present time no standard has been universally adopted 
for the measurement of the z-ray, and until such is the case there will 
be a great difference in the results obtained by different operators. 
In a general way, a ray that when the hand is held in front of the 
fluoroscope shows the outline of the hand distinctly, but not the bones 
would be the proper one for the treatment of all superficial skin lesions. 


For the treatment of a small or beginning epithelioma a ray that would 


Fig. 437.—NX-ray tube having considerable inverse current. 


show the bones of the hand black, but very distinctly, would be the 
best, and for internal lesions, one which would show the bones very 
faintly, owing to their great penetration, but the screen lighting up very 
brilliantly. The use of the hand as a test-object was formerly a com- 
mon, though an exceedingly dangerous, custom. It is responsible for 
the deaths of many I-ray operators from cancer. A safe substitute & 
& preserved and mounted hand: but the Benoist radiochromometer 
affords a better means of measuring the quality of the z-ray. An z-ray 
filter may be used to arrest the less penetrating rays. Not a single 
treatment should be given until the operator has learned the erythema 
dose, or the time and distance which will produce an inflammation of 
the skin with his apparatus and strength of current. There are several 
different ways of measuring this, including the author's own. some 
diseases are most favorably influenced by fractional doses of 1 H. (6 
Holzknecht units produce a mild and 7 a severe dermatitis, and much 
more than 7 H. cause ulceration if applied at one time) or less two or 
three times a week. Other cases, notably of epithelioma, are best 
treated by massive doses of 7 H. or more, either at one session or divided 
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Fic. 438.—Villard valve or ventnl tuhe. 


in the primary and the construction of the z-ray coil itself: still, it is a 
great help and is practically the best guide for the individual operator 
himself, for if he notes, in addition to the above facts, the number of 
amperes in the primary and the position of the rheostat, he can then 
duplicate his result on the following day. When using a tube or a coil, 
one of the greatest sources of trouble is the inverse current, which not 
only sets up a great number of wild z-rays, but also apparently shortens 
the life of the z-ray tube itself. This bad feature, however, can now 
be eliminated by means of the Villard valve. This has been improved 
on and made self-regulating. 

Fig. 437 illustrates an z-ray tube having considerable inverse cur- 
rent. This is shown in the first place by the green ring, and in the 


Fig. 439.—Osrilloscope. 


second by a more intense green at W. While this tube would light up 
a fluoroseope very well, yet for taking a picture it would not be a very 
good tube, owing to the fact of the cathode stream from the mmverse 
current striking the glass at W and causing wild z-rays to be generated 
at this point. These rays interfere with the clearness of the picture. 
Inverse current is most pronounced with very high-resistance tubes 
when excited by an z-ray coil. This, however, is done away with 
by the use of the improved Villard valve (Fig. 438). The mverse cur- 
rent can also be demonstrated by a little instrument known as the 
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the current 1 one direction only, then it shows 4s 
f 
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ithe end which 15 negative (Fig. 440). lf connected 


Fic. 440.—Osciloscope with untiirectional cor 
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Pic. 442.—Oesrcilotcope showing fury alternating current stronger in one direction than in 
the other. 


with an oscillating current of high tension, it shows a violet band of 
equal width on both sides (Fig. 441). If connected with an alternating 


Fig. 443.—X-ray tube connected in circuit with oscilloscope and Villard tube. 


ee of high tension, but the alternations bemg stronger one Way 
ian the other, then it shows a broad band on one end and a amaller 
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| 0 appearance when a tube has become a leaker 
n both these conditions the only thing to do is to send the tube to the 
maker and have it re-exhausted. If it is an expensive tube it will ee 
likely give better satisfaction if you send the electrodes to the maker 
and have a new tube made. wsing the old electrodes. vi + helio 
Fig. 443 illustrates the way to connect an z-ray tube in circuit with 
an oscilloscope and a ventril tube. : 
Care of the Fluoroscope. A fluoroscope (Fig. 444) requires. in the 
first place, to be kept m a moderately cool place. Tt should also 
have a cover made to go over the eve-piece, so that when not in use 
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ig. 444.—Cryptescope or box fluoroscope. 


no dust or dirt can fall on the screen, as the screen is made of one of 
the most sensitive salts and a very little dust will cause it to decom- 
pose, thus losing its fluorescent property. A sheet ol lead glass fbi 
the screen protects this and also the observer's eyes. After a varying 
length of time the screen begins to deteriorate at the edge. Paes 
deterioration is indicated by a change of coler, When the sereen 7m cared 
and ss nod condit ion it will have an ap ple-green color; Ls Lt begins t oc 
terlorate. the edge will begin to turn color, and this will extend firs y 
over the entire sereen, it being an orange brown. This orespa fe 
rracdual. arc a5 it occurs the fHuorescence of the screcnh dion 
however, it does not cease entirely, so that it frequently pes 
a physician finds that he is not able to see as well with the ah 
as formerly, and he will imagine that there 15 something the ae : as ble 
the tube or the machine. He most often concludes that a gers 
is with the tube. and will order a new tube, but he fails ns ah a with 
result, owing to the fact that the trouble lies with sapetireatisean es? | 
the apparatus. A hand-guard of zine protects the senha we sae <. 
Fiuoroscopy.—In the first place, remember that the trays are 
invisible and that the green fluorescence of the tube 8 ¢ ee tC paghesiti 
rays and z-rays which strike against the glass, causing 1 ' sees 
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ays; consequentiy, this portion of the sereen appears somewhat 


darker. The rays that are in line with the bones ar practically all 
absorbed, assuming that we have a very soft tube, and consequently 
the screen directly under the bones does not fluoresce at all. so that 
it appears black. : 

From this description you will appreciate the fact that usine the 
SCTOCN AMOS practically to fransillumination - consequently, In order 


Fig. 445.—Dhe Johnston fluoroscope. The operator Stands at one #ide instead of in a 
direct-line with the rays. 


to do the best fluoroscopic work it is absolutely necessary to have a practi- 
cally dark room, and to be in the room for at least five minutes before 
attempting to use the fluoroscope. The tube should be one in which the 
penetration of the rays can be reried. In order to obtain the best detail, 
rays of the /east penetration that will be sufficien! to go through the part 
to be examined will give the greatest amount of contrast. A 32-candle- 
power ruby lamp in a large room or a 16-candle-power ruby lamp In a 
very small room will give ample light to work in an otherwise perfectly 
dark room and interferes very little with the use of the fluoroscopic 
Screen. For the most exact work, however, the rooms should be en- 
tirely dark when an uncovered screen 1s used, or if this is impracticable, 
the usual box fluoroscope must be used. In any case daylight should 
be excluded. 

i Cathode Rays.— The cathode stream has certain properties which 
It 1s necessary to explain in connection with those of the x-ray. Every- 
thing points to the conclusion that it is a stream of material particles 
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proceed in straight lines until they strike some «olid substance. They 
TCise & certain amount 


are deflected toward a horseshoe magnet and ex: 
of protek tbr repulsion. Consequent ly in an =-ray tube the focus point 
upon ine anticathode i much further from the cathode than would 
be the ease if the cathode rays starting perpendicularly to its sur- 
race proceeded In perfectly straight lines and therefore met at its cen- 
ter of curvature. ‘The impact of the cathode stream produces mo- 
tion, amd will turn a pinwheel placed inside the vacuum tube. It 
produces sufficient heat to melt the platinum disk in an z-ray tube. 
It produces fuorescence of the glass wall of the tube and of many other 
substances; some of the phosphorescent colors produced are: with 
sulphate of copper, a faint green; with sulphate of copper containing 
a trace of sulphate of manganese, a bright green; none with sulphate 
of strontium; with sulphate of strontium containing a trace of sulphate 
of manganese, a bright red; with barium sulphate, a faint dark violet; 
with barium sulphate containmg a trace of sulphate of manganese, 
a dark blue; with magnesium sulphate, a red; with magnesium sul- 
phate and a trace of sulphate of manganese, an mtense dark red; with 
sulphate of zinc, a bluish color; with sodium sulphate contaiming 4 
of 1 per cent. of sulphate of manganese, an intense brownish yellow; 
with cadmium sulphate, a yellow; with fluorid of ealerum, a Tait blue; 
with fluorid of calcium with a trace of hydrid of manganese, an intense 
blue. The most striking effects, as may be seen above, are on ~ solid 
solutions.’” These are formed by two salts, one greatly in excess of the 
other, precipitated simultaneously from a watery solution. ae ie 
eathode rays produce upon the glass wall oi the tube shadows ane 
solid body which may intercept their path through the vacuum. gles 3 
render any gas through which they pass a conductor of Screen 
They carry a charge of negative electricity and any solid su scalar 
which they strike gives out generally diffused, not alone perpendio’ ©: 
cathode rays, and also z-rays. Cathode rays do not emerEe oe ae me 
vacuum tube in any appreciable amount unless nN Ee. aA 
is hermetically sesled into an opening in the glass. tol aca at the 
is transparent to these rays and acts as a sort of window HU piace 
spot where the cathode rays Impmge. _ he thought them to be, 
Herz's discovery that the cathode rays, as he t nba eet pees 
would penetrate gold-leaf, was made by covering @ mri Vi" ose 
nium glass with gold-leaf, leaving an uncovered Clg © £00" os csite 
all round. Bringing this piece of glass near ee thy was uncovered 
the cathode pole, he found that the piece of glass whie® 
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ne Huorcecent and that it increased the vacuum still more within 
‘tube, even the glass back ot the rold-leal was rendered fluorescent. 
his appear ntly was an effect of the <-Tay, burt sat t hint time (1S) it 
Wak not rec Led Ls such. Lenard, rf. Couple ct Years Inter in his 
experiments with the rays that go by his name, found that phosphores- 
cence was sometimes caused even beyond substances like aluminum 
lf the aluminum 1s .00265 millimeter thick the rays pass through in 
sufficient amount to cause visible ight and produce phosphorescence. 
The most phosphorescent sul stance, according to Prof. J. J. Thomeon 
(now Sir Joseph Thomson), whose book on the “Transmission of Electric- 
ay through (rases" 18 a& rec Te source of information, is tissie-paper 
soaked in pentadekylparatoleketon. These cathode rays outed the 
tube are called Lenard rays. They spread out very diffusely and pro- 
duce shadows larger than should occur geometrically. They cause 
photographie effects, are arrested by quartz, but alum is transparent: 
to them. But some of these effects may be due to the presence of the 
z-ray. Lenard rays discharge negatively or positively charged bodies, 
as do the z-rays. 
Cathode rays may be shown in an ordinary electric-light bulb by 
connecting one wire with a piece of tin-foil pasted on the outside of the 
bulb at a distance from the metal part of the bulb. The latter is con- 
nected with the other electric-ight wire. This experiment and the 
other, of making the same connections between the bulb and the wires 
from an z-ray coil, generally result in burning 
out the incandescent filament and spoiling the 


= &= l\amp. The vacuum in electric-light bulbs is 
= too low to generate z-rays. 

—— Kanalstrahlen, or channel rays, were 

discovered by Goldstein in 1886, who found 

that with a perforated cathode (Fig. 446) 

certain rays occurred behind the cathode which 

did not seem to be deflected by a magnet, and 

a whose only known property is that of being 

—— accompanied by luminosity. Thomson's ex- 


o 
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planation of these is that they are jets of 
phosphorescent gas produced by a sort of ex- 
: plosion at the cathode. ) 

Fie. 446 —Karulstreblen cx Recent experiments by Wien and by J. J. 

channel rays. Thomeson' have shown that the kanalstrahlen of 

Goldstein are charged with positive electrictty. 

They are deviated by a magnetic field or by an electrostatic field m the 

Opposite direction from that followed by the cathode rays. But the 

magnetic field must be very much more powerful and the means of 
observation much more exact than in the latter case. 

Channel rays may be studied by having an enlargement of the tube 
back of the cathode, containing a fluorescent screen. They carry a 
positive charge of electricity, and their deflection by a magnetic field is 
evidenced by the displacement of the fluorescent spot on the screen. 

Channel rays ionize gases through which they pass. 

Ionization by Cathode and by Channel Rays..—The cathode rays in 
passing through an atom repel or attract the corpuscles which are con- 

‘Le Radium, June, 107. 
738i J. J. Thomason, Phil. Magazine, 23, 1912, 449. 
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A Wehnelt cathode is one covered with lime and heated and has a 
hole im mt. [t affords channel! raAvsS In abundance, anc jc suited aL 
production of very soft z-rays with a current of 1000 volts or less 
Positively Charged Particles in a Vacuum Tube.— A; intimated 
in the last paragraph, it seems moderately certain at the present w riting 
that there are such things as positively charged particles in n 
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of the eathode stream, but It may to a certain extent cause us to revise 
our idea that the latter 1s practically the sole factor in the transmission 
of electricity through gases and that the current is unidirectional. from 
the cathode to the anode. 

The energy of the W-TAays 15 = that of the eathode Trays which 
produce them (M. Wien). _ 

The energy of the z-ray is proportional to the energy of the cathode 
rays producing it. The energy of a cathode particle is proportional to 
the fourth power of its velocity. 

Conversion of a-Rays mto Heat—The absorption of the x-ray 
in passing through a sheet of metal causes a certain amount of energy 
to be converted into heat. Adams' has measured this amount of heat 
by very delicate apparatus. 

Some of his results agree with observations made upon the z-ray 
by other workers with difierent methods. These are: the percentage 
of z-ray absorbed is independent of the intensity of the radiation; 
there is very little surface effect like that which refleets or disperses 
or absorbs ordinary light; a smaller proportion of the 2-ray is absorbed 
by a second similar metallic sheet than by the first one; but this does 
not hold good in the case of x-rays passing first through aluminum 
and then through silver; they are less penetrating for silver than nor- 
mally. : . : 

An observation made by Adams’ thermometric method which differs 
from that supposed to be shown by other methods is that the amount 
and quality of radiance which passes through two sheets of different 
metals is the same no matter in what order they are placed. Accord- 
Ing to this observation the x-ray undergoes no change in quality in pass- 
ing through different metals. 

The original radiation consisting of rays of less penetrating power 
and rays of more penetrating power encounter a sheet of metal which 
SLOps @ greater proportion usually of the less penetrating rays. The 
rays which pass to the second metallic sheet penetrate this mm greater 
proportion, not because they are rays which have been rendered more 
penetrating by passage through the first metal, but because they 
are the original more penetrating rays from which the less penetrating 
rays have been separated by the first sheet of metal. 

Assuming his observation about the different metals to be correct, 
we should draw the following conclusions: 

' Proc, Am. Philoesoph, Soc., Dec. 20, 1906. 
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the metals are piace and in which order the different 


wave-lengths are arrested. 

The presen! author has alway s felt that this was probably true. but. 
of course, to be theoretically modified by the consideration of secondary 
ris. wetally ot low penetration = | | 

3 X-rays Within the Vacuum Tube.—Experiments by Battelli! 
showed that a photographic plate in 2 light-proof enveli ve: was not 
affected when inside an x-ray tube in operation. This would indicate 
that with the tube employed the I-TAVSs radiated chiefly if not alto- 
gether from the external surface of the glass tube. This experiment 
should be repeated by a number of observers because the result appears 
paradoxic. on 

Measurement of Velocity of a-Ray.— k.. Marx's met hod? emnoiovs 
the same current to excite two vacuum tubes, one an ordinary ed 
tube and the other a tube exhausted to an extremely hich vacuum. 
The x-ray shines upon this second tube, and if the z-ravs strike upon the 
cathode of this tube it excites secondary z-rays. The combined effect 
of the primary and secondary x-rays in the second tube is createst when 
the impact of the exciting cathode particles and of the exciting z-ravs 
from the other tube are svnchronous. <A sernes of experiments 1s made. 
varying the length of the conducting wire between the two tubes without 
altering the distance between the tubes themselves. The result shows 
that the velocity of the z-ray in the air is the same as that of electricity 
In copper wire, about 185.000 miles a second. 

Discharge Rays (German Entladungs Strahlen).—aAn electric spark, 
even in the open air, gives ongin to radiations which produce thermo- 
luminescence and also tonize gases. They have something like the pene- 
trating properties of the z-ray. Laird ? finds that these rays originate 
chiefly from the vicinity of the cathode and that they do not deviate 
under the influence of a magnetic field. They resemble the z-ray in 
the fact that they are discontinuous vibrations, not a uniform succession 
of waves like those of light. 


FORMS OF ELECTRIC GENERATORS ADAPTED TO EXCITING AN X-RAY TUBE 
The Static Machine.—The simplest form of apparatus is a static 
mach aa and any large and powerful one will produce quite a good 
r-radiance. The static machine produces, directly, currents of very high 
Voltage anc very very low amperage, rapidly interrupted, all am the 
same direction, and of very uniform intensity. All that is necessary 
Iz TO connect the prime conductors of the static machine with the corre- 
sponding electrodes of the z-ray tube. Multiple spark-gaps should 
- rency for use upon each of the cords leading to the tube, and a very 
aes bit of apparatus is a pole-changer, by means of which the polanty 
o the conducting cords may be changed. The polarity of the static 
sain tes chanmen Fr Sa will and the polarity of the x-ray tube 
Satis in' ack ve sitet -s “ Sometimes it Is inconvenient to place the 
me it a cord can pass directly from its negative 


pole to the negative pole of the static machine and in such a case the 


‘Nuovo Cimento, April 18. 1896. 
| Uhys. Zeit., No. Tah 955. 
__ Phys. Rev. 33, 1911,.512, 
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‘ion and maintenance, the author's machine having never refused 
to work winter or summer, rain or shine. It usually gives a relatively 
small AM peraze and so takes about five times as long to make a picture 
as a coll does: it is, in that case, unsuited for racliography of the 
thicker portions of the bo ly. It gives a steady brilliant radiance which 
is excellent for fluoroscopic examinations and produces less of the photo- 
ehemie ravs than the coil, and 1s less likely to produce dermatitis 
in either patient or operator during such examinations. It is less 
suitable for radiotherapy because of the longer exposures required; and 
it is especially necessary to note that some of the worst accidental 
burns that have come to the author for treatment have been produced 
by the static machine. It can be used in places where there 1s no electric 
current obtainable. its cost for equally good radiographic results 1s 
very much greater than that of a coil. | 
The Baker static machine has revolving plates, made of a dozen sheets 
of linen paper soaked m shellac and compressed into a disk as hard as 
iron, but without its brittleness. The plates may be made larger and 
revolve at a much higher speed than glass plates. The machine produces 
an excellent z-ray, but not so powerful as that from a transformer or an 
unfiluctuating converter. 
The static machime w1VeES 7 more uniform discharge an, according 
to some observations, tt may with a tube of a certain degree of vacuum 
give z-rays of much more nearly a single rate of vibration than the 
induction-coil with its discharge varying at every instant. Piffard’ 
and others conclude from this that the static machine is preferable to 
the induction-coil for radiotherapy. ‘ 1s 
Milhamperage of a Static Machine When Used for t-hay WV orn. 
Contrary to what is commonly the ease with an induction-coul, the 
milliamperemeter shows more current passing from a static machine 
when the resistance of the x-ray tube is great than when the vacuum Is 
low and the resistance small. Two factors are concerned: one is that 
the output of the static machine is at its maximum when its prime 
conductors are far apart and the resistance is as great as possible; 
another is that statie electricity is of such high voltage that a brush dis- 
charge from the terminals of the tube or any other metal points in the 
cireuit allows more current to go through the milliamperemeter than 
gets through the tube if the vacuum is high. : 
Increasing the resistance in the circuit by raising the degree of 
Vacuum in the tube increases the output of the static machine, but much 
of this increase is wasted. 
Increasing the resistance in the circuit by the introduction of a 
spark-gap increases the output without increasing the resistance of the 
‘New York Med. Jour, Sept. 16, 1005. 
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time. becuse this discharge does not usually heat Lift the tube and enh 


eause absorption of molecules of wals. A tube for use with a static 
machine need not. therefore, be provided with a regulator, but may 
he sent to the manufacturer to be opened and re-exhausted once ina 
month or a vear, according to the amount of use. If the tube is fur- 
nished with an osmo reculator, this should be used very rarely indeed 
and very cautiously. Lowermg the vacuum a very little too much 
will unfit the tube for use with the static machine, because the current 
has not amperage enough to scatter particles of metal through the 
tube and so absorb an excess of gas. If there 1s one of the spark regu- 
lators it will often be found necessary to connect the negative wire 
directly with the vacuum reducer and not depend upon leaving the 
negative conducting cord attached to the cathode and turmimg the 
spark rod toward rt. Even with a direct connection it may be found 
that the amperage of the current 1s msufficient to liberate the necessary 
amount of as. 
If one has an induction-coil as well as a static machine, it Is an 
extremely easy matter to regulate the vacuum in the tube by the use of 
the incluction-coil and then to use the static machine to run the tube. 
This might be done for some treatment or experiment where a long, 
mild, uniform exposure was desired. 
If Leyden jars are used to actuate an z-ray tube with a static machine 
they should not be larger than pint bottles. The internal armatures are 
connected with the prime conductors and the external armatures with 
the poles of the z-ray tube. 
: The rod tape Jrom a stafte machine 1s Very hich and 18 measured by the 
distance acTOSS which a spark will pass between the two poles or by an 
electrostatic voltmeter or, indirectly, by an electrometer. The latter is 
a refinement of the simple electroscope, in which the two gold leaves 
separate when they both become charged with the same kind of elec- 
ee ee body near the rod from which they are 
at any part of the apparatus or of the patient, snd this varies with the 
allie of ths bangin te re nis os the patient, and this Varies with the 
and especially lp vn chat sense at lee Eich ee Se enc Sura 
= : 7 SEP projections from the surface. The voltage 
produced by a good static machine i¢ 100,000 or more. The amperage 
very anal deed, but is sill demonstrable Oy mane of a milan 
meter) or by a pole d pitplat coil hela Taf (d’Arsonval milliampere- 
| 7 = pole detector in which the electrolytic effect of the 

Smo | pear a red color in the hquid. The physical and physiologic 
cNeCcts Of the static discharge are due almost entirely to its tension or 
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Each time that the current begins to flow through the primary nae 
_ Wave of electricity is inducer in thie secondary coil, and oat as GTi 
the current is turned off. The break-current induced in the secondary 
cot 1s stronger antl itl if opposite direction from the make-current. 
The primary current is turned on and off very rapidly by a egehae's 
When the current is turned on, the primary current causes the at t- 
iron core to become a temporary magnet and this attracts the irom 
armature, whose motion toward the core breaks the contact and the 
: cases. "The iron core ceases to be a magnet and the armature, | 


FP | \j 
wali Pah Lat eB So We NE ee 


= a 
Leena a | 





Ao MEDICAL ELEC PRICITY ‘ASD RONTORN RATS 


which is upon a spring, returns to its original position and thi 
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The value of a condenser for an induction-coil used to excite an 
r-ray tube except with an elect rolytic interrupter is casily demonstrated 
The interrupter works more steadily and the fluoroscopic and radic- 
eraphic rezults are much better. Treatments and the lighter forms 
af fuorose opic and racdioenr uphie work min y be Very well done with Such 
a coil. Pj ahi was made with a col and galvanic battery In Loe 
by Dr. T. V . Kilmer, then one of my assistants at St. Bartholomew's 
clinic. 

An Induction-coil and Storage-battery.—The 100-volt storage 
battery of an clectric automobile will operate any kind of a coil and 
ncesrUD Te: The storage-battery itself need not be carried into the 
room in which the coil 1s placed. It 1s oy necessary to run a double. 
heavily insulated wire from the chargin ¢ plug of the automobile to the 
r-Tay appa ratus. The smaller DOr: able ‘ston wwe-batteries in which each 
cell weighs about 40 pounds ope rite an oa inch eoil with a mechanic 
interrupter very well. About six such cells are required and the ‘vy have 
to be sent to a power- -house to be recharged when exhausted. This 
form of ap paratus has given me satisfactory service in the treatment of 
cases at patients: homes where there was no e lectrie current. In such 
cases it is much more pri acticable than a galvanie battery. The rent 
of such a battery of aix cells 1s only about ten dollars a month. including 
recharging, and they may be obtained in every town where electric 
power 15 used. Their capacity 1s 30 ampere hours. The efficiency 1s 
not great enough for the heavier kinds of radiography and it would not 
be selected for office work i an electne-bghting current were available. 
lt forms the best practicable portable source of current for z-ray work 
where there is no electric light. 

_ The principle on which a storage-battery operates is quite simple. 
Two pieces of sheet lead separated by strips of asbestos are wound up 
into a concentric coil, the space between the two leads is filled with 
dilute sulphurie acid, and there is a wire connected with each of the 
leads. The whole apparatus is so constructed that the two leads are 
insulated except as far as a current may pass through the liquid between 
them, or when the two wires are connected. To charge such a battery 
a 10- or 12-volt direct current derived from the electnc-light current 
or from a galvanic battery is passed through it for some hours. Electrol- 
vais takes ‘place i in the fluid and the positive and negative nascent gases 
combine with the very large lead surfaces forming the two poles of the 
battery, and on disconnecting the battery it is found that this difference 
in the chemic composition of the two le ad surfaces remains permanent 
until an electric current rene rated in the storage-battery itself 1s per- 
mitted to pass by connecting their two wires together either directly or 
through some apparatus. The tendenc v is for a reverse chemic proces 
to take place by which the two lead surfaces become exactly similar 
in composition again, both being bathed in the same chemic fluid. 
This chemic change produces a current just as in a galvanic battery- 
A storage-battery then is like an ordinary galv anic battery, except that 
the difference between the two elements is not. originally present, a 

6 produced by a powerful current of electricity, and when exhaust 

may be renewed by the same means. The efficiency af a storage-battery 
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Fig. 445.—X-ray wall installation with Wehoelt interrupter. 


_ An Induction-coil Operated by the Electric-lighting Current.— 
This is one of the most practicable and satisfactory methods (Fig. 448, 
A). The current generally used is the 110-volt direct current, 
though the alternating current may be used with a slicht change in the 
apparatus. The apparatus is connected at any ordinary electric-light 
socket, the current passing through an interrupter which makes and 
breaks the current several hundred or several thousand times a minute. 
Some interrupters used are mechanic, depending on an electromagnetic 
vibrator, or on the making and breaking of the contact between 

mereury and a solid metal. The metal may dip into the mercury and 

be withdrawn or, what is much more satisfactory, a whirling jet of 

mercury may strike against metal plates fixed in the insulated wall of 

the vessel surrounding the mercury turbine. Either of these mercury 

interrupters requires a motor to operate it and requires a greater 

amount of attention than the electrolytic interrupter. 
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fuid in contact with a small platinum point, the resistance of a fric- 
[ bonal character beromes Sd PTC ( that the icy us L not on ly by his, hut i= 
eonverted into a mass of incandescent gas. This effectually cli stroys 
the electric contact between the liquid and the platinum point in one 
tyne of interrupter: or between the two bodies of hquid in the other 
-ne. In either case the good conducting path afforded by the cilute 
acid liquid is broken by the introduction of a mass of gas which arrests 
the whole or a very large part of the current. No sooner has the current 


ceased to flow than the Incandescent pas disappears. It partly collapses 
under the pressure of the liquid or rises to the surface in bubbles. ‘The 
flow of the current is no loneer obstructed, but its reestablishment is 
attended by the formation of a fresh mass of incandescent vapor and a 
new arrest of the current. In this way interruptions are produced at 
rerular intervals and of a character extremely well suited to z-ray and 
high-frequency currents. ‘The smaller the surface of platinum exposed 
in the Wehnelt and the smaller the holes in the Caldwell-Simon inter- 
rupter! the more rapid the interruptions and the weaker the primary 
current, and, generally speaking, the weaker the x-ray or high-frequency 
turrent excited by the secondary current. 

Electrolysis takes place in either of these interrupters with the 
liberation of hydrogen gas at the negative and oxygen gas at the positive 
electrode, and there is some liability to an explosion if the two gases are 
allowed to mingle in a confined space and then become imnited by 3 
spark at some loose electric contact. The result 1s more disagreeable 
than dangerous, the cover of the box being thrown a few inches into the 
air and the dilute acid being spattered over neighboring objects. There 
is no means of absolutely preventing such an explosion, but its occur- 
rence may be made very unlikely by certain precautions. The inter- 
rupter jar should not be tightly clozed. If it is covered at all, there 
should be an ample opening for the escape of hot sulphurous fumes 
produced by the current. This results in a general diffusion of the 
oxygen and hydrogen in the air of the room instead of their bemg 
confined in a concentrated and explosive form in a small space. The 
noise and sulphurous fumes thus allowed to escape from the interrupter 

. Caldwell, in America, and Simon, in Europe, invented this type of interrupter 
with holes in a diaphragm between the two halves of a vessel containing the sae 
trolyte. Pusey and Caldwell also figure in their excellent book an interrupter in 
which the size of the communication is reculated by a conic point pushed through 
the bole to a greater or less distance, The present author believes that he was the 
first to publish (Medical Record, New York, October 24, 1903) an account of thie 


type of interrupter in its simplest and best form, “the Beaker Interrupter.” He 
makes no claim to originality. 
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the regular interruptions. The zr-ray flickers im consequence and | 


eomes less effective, A stronger current must be turmed on in order 
to secure regular interruptions and a good therapeutic or diagnostic 
effect, but after a temperature of about SO° C. is reached the interrupter 
will be apt not to work at all. If the current is to be used for a long 
time. as for a series of treatments by high-frequency currents, some 
arrangement must be made to prevent overheating the liquid. The 
author uses five independent interrupters, the current being changed 
from one te the other by a switch nght at the x-ray coil, although they 
are in another room. Or a very large jar can be used holding 2 Or 
3 gallons of liquid which will heat up very slowly. Or a coil of 
tubing may be placed in the liquid and a current of cold water sent 
throuch it to keep the electrolyte cool. Having several interrupters 
accomplishes the result very well and, in addition, gives one a great 
variation in quality of current. and the wearing out or the accidenial 
destruction of one of the interrupters leaves the other interrupters to 
fall back on. In the author's outfit there are two Caldwell-Simon 
interrupters with holes of different sizes, two Wehnelt interrupters with 
platinum points of different thicknesses and with a different electro- 
lyte in each, and a mechanic peepee of the wheel type. The differ- 
ent Caldwell-Simon interrupters yield a uniformly interrupted current 
af from 4 to 10 amperes, according to the amount of resistance in the 
rheostat and of self-induction in the primary coil. The electrolyte in 
these two interrupters is the same—l part of sulphuric acid and 6 ot 
water, making 4 solution with 2 specific cravity of about 1.2. The 
Wehnelt interrepters are adjustable as to the length of the platinum 
point exposed and transmit a uniformly interrupted current of from 
2 to 25 or 30 amperes under varying conditions. The electrolyte 15 
sulphuric acid 1 part to 6 parts of water. A substitute may be 1 
part water and 1 part saturated solution of Rochelle salt in water, & 
small amount of sulphuric acid having been added. The Rochelle salt 
alone in the electrolyte does away with the disagreeable fumes, but 1ts 
solution is not nearly as good a conductor of electricity a= dilute 
sulphuric acid. and consequently the current is weakened and much 
more heating of the liquid occurs; and if becomes quite & task bo. The 
quently open the jar and pour in water to make up for the rapid evapora- 
tion. The platinum in each 1s 4 eylindrie rod about 1 mm. in thickness, 
and a greater or less length is protruded from its porcelain sheath by 
turning an insulated knob at the top of the hard-rubber tube in which 
it is held. : ; 
With the Caldwell-Simon interrupter the polarity of the current 
makes no difference: but with the Wehnelt interrupter it 1 exsentisl (has 
the positive battery wire should lead to the platinum point, and oe 
wrong connection is made, the interruptions are irregular and the sound 
is rough and deep and the platinum is much more rapidly worn away. 








ivi MEDICAL ELECTRICITY AND RONTGEN RATS 


The cause of this iz probably the formation of a sheath of hydrogen gas 
upon the surface of the platinum when it 1s connected with the negative 
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the . Prmitten diseonne ‘Lion which Is desired This electroly 
effect is separate from and additional to the thermal effect 
smallness of the liquid conduct g path at that point and 

quent ohmic Mm SIStance OF rEckion. : ec : of 
The Wehnelt interrupter is the only one which may be directly 


rectify an alternating current. It works 


eonnected with and will partly rectif: 
fairly well, but, of course, the platinum point has an undesirable polanty 
half of the time and wears out much sooner than it would Wf it were 
eonnected with the positive Wire al] the time. ; 

All the other types of interrupter for induction-coils require that 
alternating currents shall be rectified or made unidirectional in order 
hat they can be used, and it 1s better to do so even with the Wehnelt 
interrupter The different means of rectifying the current will be 

described in another part of this book. 

The Wehnelt interrupter (Fig. 449) 
is exactly on this principle, the flmd 
heme sulphuric acid diluted with six 
times aS much WacLer, the la [Ee elect rode 
is of lead and the small one 1s of 
platinum wire enclosed in very tough 
porcelain. By means of a screw ad- 
justment a larger or smaller amount 
of the platmum may be caused to 
project beyond the porcelam and the 
electric impulses made small and rapid 
if little of the platmum 1s exposed; 
and heavier and less rapid if a greater 
lenethisexposed. The platimum should 
always be connected with the positive 
wire. Such an interrupter works well 
with the direct 110-volt current and 
over a range of from 5 to 30 or even 

f , 40 amperes. It does not work after 
with ore Statik ones (029 Inch the fluid becomes overheated, oO x _ 
thick. BE ar ™ —"" necessary to have two or more if the 

| : apparatus is used contmuously. _ 

Caldwell or Simon Interrupter.—The other type of electrolytic inter- 
rupter is exemplified by the Caldwell or Simon interrupter, in which 
there are two large lead electrodes dipping into dilute sulphune acid, the 
vessel containing which 1s divided by a vertical partition. The current 
passes through pin-holes in this partition and the liquid conductor at 
these narrow plates, of course, presents great resistance, the liquid 1s 
heated, and a mass of Vapor cuts off the current. 

The most practical interrupter of this type if & beaker interrupter 
made for me by Wappler, under Caldwell’s patent, and first published 
| believe in my article of October 24. 1903 (Medical Record).- “This 
consists of a large porcelain jar, partly filled with dilute sulphuric acid 
in which is set a smaller jar with a pin-hole (three holes are better) 
orifice near the bottom. One conducting wire terminates in a leaden 
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an electric motor, or of a mercury are rectifier, in which the current 
passes through mercury vapor which permits the passage of the currents 
in only one direction, the alternate currents being suppressed. Ejzther of 
these means is effective and would be chosen for an ofhee outht, but 
for an outfit at a patient’s home the simple and expensive aluminum 
eell in which the fluid is a 6 per cent. solution of Rochelle salt or of 
sodium bicarbonate, and one electrode ts of lead and the other of 
alouminum or carbon, suppresses the alternate current periectly well 
for treatment and for all but the heaviest and most rapid radiography. 
Aluminum Cell Electrolytic Rectifier—It transmits about 90 per cent. 
of the currents passing in one direction and very little of the currents 
in the other direction. The jar should be capable of standing a certain 
AMOI of heat. This enables one to use the Wehnelt INterrupter with- 
out undue consumption of the platinum point ; and either the \ ehneli 
or the Caldwell interrupter with good functional results in the ilumma- 
tion of an x-ray tube. It has been described in the preceding para- 
a , alm is a, layer [Oo a meh thick which forms upon the lead 
surface in the electrolytic rectifier and acts as an enormous resistance 
» the fow of current in the wrong direction. ives 
os es ean only flow freely when the lead electrode is con- 
nected with the positive pole of the source of conto be connected 
The lead in the electrolytic rectifier should, therefore, be connec 
“i ad in the Wehnelt interrupter. | le Is 
ri Grisn's reife an alumina sll whi pt 
af 3 oe bart ther inditterent metal. Li £5, on ETE ea oe 
SE Obes of Sau Fy anil ve dayer of alumimum hydrate, 
7.) =o ae the flow of the cur , Seen ee pare 
ee ee hey liernating ¢ ‘urrents.—l ae a ‘ sonra 
wn which the cathode is made of platmum, asian a poe ” The 
and consequently does not melt when heated to ine a setae thes 
cathode is coated with a metallic oxid. The eerie a but if the 
little resistance to the passage of a current in ont c ase 4 nett ibe 
current rani. he i. agar Se airacat ccmpletelY arrested. 
ube by the incandescent Meta. usr r arrving 
The sean Dip Interrupter (Fig. 450)-—One of the vere ntaining 
the primary current leads into the bottom of a g on ire is connecte 
4 certain amount of liquid metallic mercury. the ch ee woes eee Lele: 
with a vertical metal rod which is moved re ere wn from contact 
tric motor and alternately dips into and is withdrawn © 
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Fig. 450.—Mereury dip interrupter 


The Mercury Jet Interrupter (Fig. 451)—One of the primary wires 
terminates in the liquid mercury, the other in a senes of metallic sec- 


tions separated by insulated spaces which form a horizontal belt lining 


i 


Fig. 451.—Mercury jet interrupter. 


the inner wall of the aleohol reservoir a certaim distance above the Sur- 
face of the me reury. An electric motor causes the revolution of a verti- 
eal shaft which dips into the me tallic mercury. By centrifugal force 
the merc ury 1s drawn up into a tube in this shaft and thrown out through 
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form one of the 
, J a r] " : = 5 P - 7 
Mimeies, OUL SIMPY aA COnGUC TINE rk ire between tLnem. anc that the 
contact 15 broken partly by the mterposition of a non-conducting barrier. 
The complete APPATATUS 15 Shown in 

Fig. 452. There is a small electric 

a 
‘as 


motor which 1s run by the 110- or 
-y)-volt direct current and the speed 
of which can be reculated by means 
af a rheostat. <A leather belt con- 
nects this motor with the vertical 
axis of the interrupter and causes 1t 
i revolve. Two conducting wires, 
one from the wall-socket of the 
110- or 220-volt electric-light cir- |e | 
eit and the other leading to one ter- <_ ee eee ) ae 
- apy pene 7 ee = Fic. 452.—Ropiquet’s mercury turbine 
minal of the primary of an induction- interrupter: 
eqil. are fastened to vertical metal 
rods which can be raised or lowered by insulated screws. These pass 
down through about 2 quarts of alcohol, but do not reach the level of 
the § pounds of mercury in the bottom of the interrupter. At their 
lower extremity these rods expand into triangular surfaces, large above 
and pointed below. The lower part of the revolving axis 1s hollow 
and contains a pump, on the principle of the turbine or a sort of cork- 
serew motion, which draws the mercury up through the hollow shait of 
the vertical axis and out through two horizontal tubes. These two 
tubes also revolve with the vertical axis and centrifugal force is added 
to that produced by the pump. Two jets of mercury are thrown out 
throurh the aleohol in a horizontal direction and as the axis revolves 
these jets also make complete revolutions. In a certain position the 
two jets impinge upon the two metal electrodes and form a complete 
conducting path of metallic mercury between the two electrodes. As 
the jets continue to revolve, they pass the point at which they are in 
contact with the metal electrodes and the circuit 18 thereby broken, 
but besides this they strike against hard-rubber or other insulating 
barriers. These are placed obliquely and as the mereury strikes 
one of them it, of course, is prevented from going out as far as the metal 
electrode. The breaking of the electric contact 15 rendered much more 
complete and sudden than when the sole dependence 1s placed upon the 
circular sweep of the mercury jet- In the latter case the break spark 15 
of considerable volume because the mercury does not get far enough 
away from the metal electrode for quite an appreciable length of time 
and there is also a perfectly straight path between them. With this nee 
improvement, the mercury jet i instantly stopped at a considera le 
distance from the metallic electrode and the formation of an are 13 
} Published March 10, 1906, Archives d’electricite Medicale, Bordeaux, France. 
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further prevented by the obrlig ut direction of the | ard-rubbes bar 
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average strength of the current is what i meant when we sav that 
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the fraction of each revolution, during which the current 


primary Current of a eertain number of amperes is Used. This me cle 
termined by the proportion between the tume that the current is flowing 
and the time that it is interrupted. There is a very small total resist- 
ance in the circuit, 1 or 2 ohms resistance from friction in the primary 
wire and not much more additional resistance from self-induction and 
practically no resistance in passing through the conducting jet of mer- 
cury in the interrupter. At any time that the current 1s flowing it 
mav encounter a total resistance of only 2, 3, or 4 ohms, and, according 
to Ohm’s law. the current strength would be from 50 to 20 amperes 
with LOO volts or 100 to 40 amperes with 200 volts. The strength of 
the current in amperes is equal te the number of volts divided by the 
resistance. Such a strength may actually flow for fractional penods 
of time during the passage of the current through this interrupter, but 
the periods of time during which there is no current at all brings the 
average down to a much smaller number of amperes. This is regulated 
at somewhere between 1 and 15 amperes for most therapeutic purposes. 
There is no possibility of the interrupter stopping in such a position as 
to produce a stationary mercury bridge across the space between the 
metallic electrodes and permit a contmuous flow of the current which, 
of course, would be destructive because of its strength. The mercury 
bridge is only formed when the axis 1s in rapid rotation; when the shaft 
is stationary there is no turbme pump force at work to raise the mercury 
in the hollow axis and no centrifugal force to impel it out horizontally 
and cause it to strike against the two electrodes. The amperemeter 
which measures the strength of the primary current Indicates the 
average number of amperes. Even if the imstrument were made 
With a neecle which would pass back andl forth from the zero to the 
50 or 100 ampere mark on the dial scores of times a second it would be 
useless. The eye could not follow its motions, and even if it could we 
should not obtain the information that we require. 

An obturator may be adjusted to prevent the two opposite mercury 
jets from striking the metal clectrodes in one position while they still 
continue to do so when in the opposite position. "This permits of the 
passage of the current only once for each complete revolution of the 
axis instead of twice, as is the case when the obturator is not used. 
Each tiny fraction of a second that the current flows produces practi- 
cally the same ¢ficct upon an z-ray tube, whether this occurs once 
or twice for each revolution of the axis. The visible effect and the 
fluoroscopic image will be about the same in both cases. ‘The obturator 
and the reduced rate of current flow may be used for fluoroscopic ex- 
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were two such pel lods of illumination for one-sixth of the time or a 
total of one-third of each small fraction of a second. The effect reris- 
teredd upon uh photographic plate Or Its physiologic effect pon nlanta of 
animals would be twice as great with the double as with the single rate 
Ol CXPOSUre. 

Somewhat similar variations In the current may he obtained with 
the Wehnelt interrupter by having different sizes of platinum rods and 
Mmenns for regulating the lengih of the platinum revel exposed: hwy wsing 
ot varietv of electrm lytes of fTeacer OFT less eonductivity ans | by t he ze 
of a rheostat. : . 

Ropiquet’s interrupter supplies the desiderata of a mathematic regu- 
lation of the average strength of the current; a uniform strength of current 
while the contact is made and a very sharp and perfect break: the regula- 
tion of the number of contacts per second and of the relation in time 
between the duration of each contact and the interval between them. 

Either a rheostat or a volt centroller may be used with this mter- 
rupter and will supply useful though not essential modifical ions of the 
current. It will enable us, for instance, to modify the strength of the 
current without changing the duration of each contact, as is done when 
the strength is regulated by adjustment of the electrodes in the inter- 
rupter itself. 

Care of Mercury Mnterru nfers.—There is a small amount of sparking 
as the contact is broken im all these mechanic interrupters, and this 
corrodes the metal surfaces and the aleohol becomes muddy and has to 
be changed. A scum which forms upon the surface of the mercury must 
be washed off occasionally, so that 4 certain amount of expert care > 
required at short intervals. Fortunately, the motor is not likely to get 
out of order frequently. The alcohol does not often take fire from tne 
sparks at the making and breaking of the contacts because the latter are 
below the surface and no free oxygen Is present to eombine with the 
aleshol. But when this does happen there ts danger of fire. These 
mechanic interrupters are excellent for r-ray and other extremely heavy 
electrotherapeutic work, but they are more expensive and more coni- 
plicated than electrolytic interrupters. : 

_ The Commutator Type of Interrupter—One of the best of these 
86 the Johnston inferrupler, made by the Westinghouse Company. lt 
is an electric motor whose shaft dips obliquely below the surface of 
aleohol in a metallic reservoir, and upon this shaft is mounted a series 
of metal contacts alternating with insulated spaces of mica or indurated 
fiber. As this revolves, a stationary metal brush comes in contact first 


with a metal section, making the current, and then with an insulating 
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Sybmersion below the surface of the 
n are as the current is broken. 


Fic. 453), made by Gaiffe, of Paris, 
ht arms Lh electric moor Ch lse2 the 


section breaking the current. : 
alcohol prevents the formation of a 

The Confremoutn inferrupter 
<< another of the commutator type. ears . eats ; , 
revolution of a disk of insulating material in which are inlaid strips of 
metal as in Fig. 453. Four strips of metal separated by portions of the 
ir ; fOr the rim of the disk ancl separate metal strips 
strips; so that there are two independent pairs of 


msulating substance 
eonnect the opposite . | 

—— conductors anna rated by non-conducting net ions. ‘T ka erates 
ent passes th rough metallic brushes which are at opp site sides of the 
| and press upon its periphery. At times the brushes are 


Hic ¢ 


me Leaiil 
i 


revolving disk . : : : ' : 
r soninst the surfaces of one pair ol metal SLIIDPS ANG, OF COUrse, 


ressing Age 

sa AGS is transmitted. At other times the brushes are in contact 

with the insulating material and then the current cesses to flow. Then 
. disk revolving to another position brings the other pair of metal 

strips in contact with the brushes, completes the electric connection, 

and allows the current to flow again. The number of interruptions per 

second is varied according to the speed of the motor, and then agaim the 

apparatus May be made with more than two pairs of conducting strips, 

and this will increase the number of interruptions produced by each 

revolution. This is a really excellent 

type of interrupter for currents of 

any moderate strength. Its action 


7 
i 
a 
L 
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Fig. 453.—Principle of the Con- Fig. 454.—Carpentier’s atonic interrupter. 
tremoulin interrupter. Contact is made and broken at C. 


IS positive, each make and break being periect without any incfiectual 
contacts, as with a vibrating interrupter, but arcing is lable to occur 
with the heaviest z-ravy currents and it should be submerged in alcohol 
Lf used for that purpose. | 
Carpentier’s interrupter (Fiz. 454) is of the atonic or aperiodic type. 
The hammer which is to be attracted by the magnetized iron core of 
the primary coil is upon a rigid stem which is drawn away from the core 
and held against the point of a screw by the traction of a spiral spring 
In na position (loess the hammer Or its <tem transmit the current. When 
the current is turned on the iron core becomes an electromagnet and 
attracts the hammer, which, moving forward, presses against a straight 
Spring which has been transmitting the current, but now has its cnd 
yushed away from the point of contact. This stops the current; the 
ammer is drawn back to its original position by the action of the spiral 
pare the contact-bearing spring goes back to its position, where an 
eleciric contact is again made between a platinum surface on the spring 
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and the platinum point of a screw placed ther 
again and the same interruption is produced. ° 
fulness of such an interrupter for z-ray work are 
eurrent of 16 volts and an average of 6 or 7 amperes : 
per second: or + volts and an average of 10 ampere 


ie | rT ee ae eT | to = -— F ——a 
qa scoond. With the first speed of interruption good 


rapid z-ray work can be dione, for instance, with a batt 


7 oe  arcli es Ts a ae a ey 
ees MiVine I? volts a raclorcrapnh oO! the pervis Cag | 


Lies. Hich-frequency apparatus also works well with such a 


\ condenser is necessary with a coil supplied with such 
The rapidity of the interruptions is partly self-regulatine 
upon the strength of the electromagnet and hence upon the 


of the current and the amount of seli-induction in the primary coil: a 
partly adjustable by changing the tension of the spiral spring connected 
with the hammer, and by turning the screw against which the hammer 
presses when at rest. Advaneing this point makes a shorter excursion 
or to-and-fro path for the hammer and makes the interruptions more 
rapid. The adjustment of the screw which bears the point of contact 
1s not particularly for the reculation of Spee, although it may a tect 
the speed incidentally, and the other speed adjustments may have to 
be altered to correct the change made by it. This screw is intended 
to be turned when the contacts seem to be umperfect. 

The Carpentier interrupter, hke all others of the vibrating type, 
must be used in the air, and is limited to a streneth of current which 
will not produce an are between the points of contact when they are 
separated. It cannot be submerged im any liquid. To use such an 
interrupter with the 110- or 220-volt current a motor: zenerator or 
rotary transformer would be required giving a current of 15 volts and 
S amperes. A voltaic battery of 6 or 5 large bichromate of potash 
cells may be used. 

A storage-battery of 6 or § cells would also operate an z-ray coil 
provided with a Carpentier interrupter. 

_ A condenser is a necessity with this type of interrupter, and an ad- 
justable resistanee or rheostat affords the most convenient means of 
regulating the strength of the current. 

Other mterrupters are described at p. 802, in the section on Radiog- 
raphy. | 


REGULATION OF THE PEIMARY CURRENT 


_ The strength of the current varies directly and the rapidity of the 
Interruptions inversely as the size of the pin-holes in the Caldwell 
interrupter, and it is necessary to have a rheostat to reduce the strength 
of the current in cases in which the full current transmitted by the 
interrupter is not required. 

The greater length of platinum point exposed in the Wehnelt inter- 
rupter the heavier current is transmitted. Other interrupters also 
regulate the current strength to a certain extent. It is always desirable. 
however, to have a separate regulator, called a rheostat. 

The Rheostat.—Two general types of rheostat are suitable for z-ray 
apparatus. One is made of rather fine iron wire wound upon a long insu- 
lated eylinder, a rack and pinion movement changes the point of contact 
to different turns of the iron wire. The current in this way may be 
allowed to ‘pass with searcely any resistance or gradually the whole 
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resistance of the 25 yards of iron wire may be turned on 


may be called a drum rheostat. The other type consists OT al 


iron nlate ACTOS aa baek ot whieh ire Jas tene [al +L PDs it ane 


or of German silver, cach several feet long, but crimp 
ch pa T 


; i k ; i : a | j r i 
fasten) between binding-posts only 9 or 10 inehes 


insulated handle turned all the way over the contact is macle 


munts which permit the current to pass with more or less 
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has a number of different steps. Nearest the short-circuit 
1] 
ne | 


1@ position where no rheostat resistance 1s introduced there is 
with a resistance of 0.4 ohms. Following this there are 
steps of 0.4 ohms cach: ® of 0.5 ohms each: 2 of 0.7 ohms ce 
ohm each: 2 of 1.75 ohms each, and, finally, 2 of 2 ohms each. 
For radiography with a Wehnelt interrupter the author cuts out 


iL = 


the resistance from the rheostat; but with the Wapple mechanic write 
rupter he employs a rheostat resistance of about 6 ohms. 

For raciotherapy 6 or 5 ohms rheostat resistance are employed with 
the Wehnelt interrupter and 12 or 14 with the Wappler mechanic inter- 
rupter. 

The rheostat resistance required for high-frequeney currents is 
usually 16 ohms if the Wappler mechanic interrupter is used, or 12 or 14 
ohms with the Wehnelt mterrupter. 

Turning the handle back, the current must pass through one or more 
lengths of crimped iron, and is reduced in strength by the resistance 
encountered. The further the handle is turned in this direction the 
greater 1s the resistance and the less the strength of the current which js 
allowed to Pass. P 

Either kind of rheostat, depending on the fact that iron is a PHOT 
conductor of electricity, becomes heated in consequence of the friction 
encountered by the current in passing through it. The ereater the 
Tess ance introduced the preater the heat, but this does no harm, pro- 
vided the capacity of the rheostat is not exceeded. The gridiron rheo- 
Stat is made to carry the heaviest currents. 2 

The primary coil is of heavy, well insulated copper wire (No. 12, 
B. W.35.), and is wound around a core consisting of many rods of soft 
iron (No. 30, B. W.8.). The iron core is about 2 inches in diameter 
lor a 12-inch coil. It becomes a powerful electromagnet and adds very 
much to the amount of induction. The wire should be wound like 
thread on a spool, all the turns bemg in the same direction, but in two 
or three or more layers, depending on the size of the coil, and it should 
be provided with several binding-posts, by means of which the conduct- 

Ing cords may be attached in such a wavy as to varv the path that the 
Current must pass through. Thus the current may be made to pass 
through the entire length of the wire in the primary coil as a single 
continuous skein. or it may pass throuch all the lavers hut one or two, 
or perhaps only through one laver, In a portable outfit designed by 
Caldwell and made by Van Houten and Ten Broeck. the variation is only 
from one continuous skein to four parallel skeins. All these devices 
produce what Is known 46 Varahle self-indiuctance in the primary, ancl 
it will be seen later that the manipulation of this is of the greatest 
Importance in radiography. | 

Selfanduetion from a direct or continuous current practically occurs 
only in coils having an iron core, 








rating interrupter of an x-ray cal may 
I 


to 2 or 3 atmospheric pressures and thi 


ng. according to Januszkiewies (Phys. 4eit., No. 12, 1906)_ 
A condenser ts required tor an z-ray cou when any kind of mechanic 


interrupter is used. It is made up of sheets of tin-foil about 8 


square separated by paraffin paper or mica. It is necessary ia’ the 
msulation between the two sets of 50 to 100 sheets should be perfec 
because otherwise the primary current would be short circuited 7 
would flow through the condenser instead of through the mary 
coil. To secure this perfect insulation it 1s best to boil the condenser in 
melted paraffin until every bubble of air escapes. 

The secondary coil is built up around a hollow evlinder of mica 
acting as an insulator, into which the primary coil may be slipped and 
which has walls from 4 to $ inch thick, depending upon the size of the 
eoil. The copper wire 1s as fine as a har and ts all wrapped with thread. 
It is coated with melted paraffin as it is wound on bobbins, each of 
which contains thousands of turns. In the author's S-inch portable 
coil there are 12 pounds of No. 34 wire. The bobbms are in the form 
of thin circular disks with a hole in the center. They are all strung 
on a mica cylinder and are separated from each other by disks of hard 
rubber. The number of these bobbins may vary from § to 80, depend- 
Ing upon the size of the coil and upon the labor that the manufacturer 
puts into it. The whole coil is sometimes kept permanently immersed 
in oil as an insulator, but the more usual practice is to pour melted 
paraffin over 1t, which on cooling forms one solid mass. ‘The secondary 
coil terminates in two brass binding-posts to which are attached the 
variable spark-gaps leading to the conducting cords of the x-ray tube, 
and, what is very important, rods for determining the spark resistance 
of the tube. 

The Sprintremeter.—This consists of two rods attached to the two 
poles of the coil, and if they are approximated while the z-ray tube ts in 
operation the distance at which a spark will leap between them 1s called 
the sparking length of the tube and indicates its resistanee to the passage 
of the current. This is one of the elements in determining the condition 
of the vacuum in the tube and its fitness for various radiographic and 
therapeutic purposes. a 

The author's office z-ray apparatus consists of a 12-inch coil with 
amperemeter on the primary wire, two Wehnelt and two modified Cald- 
well interrupters, a Wappler wheel interrupter, gridiron rhcostat, 
primary coil with variable self-inductance, sccondary coil with the 

author's adjustable spark-caps, combined with a d’Arsonval appara- 
tus for high-frequeney currents, which is connected with the cou by 
simply turning two brass rods into contact with the poles of the secondary 
eo. 5 
Portable x-ray outfits should not contain any single piece weighing 
more than 50 pounds. The author's own outfit for use with 110 volts 
direct current consists of a secondary coil messuring 54 8a 17 inches 
and weighing 50 pounds, a separate primary el with three different 
windings weighing 17 pounds, a Wehnelt interrupter in a box measuring 


and 
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Pig. 455.—Author’s portable r-rav outfit. 


what degree ot VYHCULM may ate user. ach complete turn or the in- 
Sulated knob which rerulates the Wehnelt Accs ] ‘mini. to the leneth aft 
mat Pe TLE point exposed, and by reference to a written table thie 
a PCraEe or the current with various primary windings and with tubes 
of different degrees of vacuum may be read at a elance. 
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Fig. 456.—Portable z-ray and high-frequency apparatus of the Fealatype (Hyirex Xo. [). 


can be modified by omitting the Wehnelt interrupter an | taking one or 


more storage-batte ry cells and a vibratin 


rating interrupter and condenser. 
The Wappler mechanic interrupter rand a rheostat make a desirable 


substitute for the Wehnelt interrupter in a porta ible outfit. 

Portable es Ray Chuthil of tie Tesla Ff is tii fy eyueney Type (Fig. teh} |. 
An apparatus of the above type when closed measures 22 Inches 
length, 12 j and 6 inches in thickness. It weighs 
pounds complet te. “The i 2a ch: arge 15 an alternating one and, there fore, 
docs not excite an ordinat + z-ray tube as well as if a Rubhmkorii coll 
were used. A high-frequency z-ray tube (Fig. 457), however, gives 
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an excellent radiance, suitable for all therapeutic purposes and | 
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lichter forms of radiography. The apparatus is made tor either 


alternating or direct current. 


Fig. 457.—High-frequency z-ray tube for use when the secondary current has an alter- 
nating current. 

Voltage of Different Secondary Spark Lengths.—Walter' reports 

the following voltages with alternating currents, induction spark 


length, in the open air: nd 
Mazimum Voltage. 


10) em. Wh om. 20 «mm, 40 em. 50) em. 


64.000 108,000 148,000 168,000 216,000 


My own observations with the Cabot direct current, high potential 
converter were made*with a gap between two loops of wire. Gaps of | 
and 2 cm. showed less than 10 kilovolts, the first graduation on my 
voltmeter. Gaps of 3 and 4cm. showed about 10 kilovolts, and gaps of 
oand 6 cm. 15 and kilovolts. Gaps of 7, 8, 9, and 10 cm. did not 
permit a spark to pass until the voltage had been raised to 64, 70, 72, and 
80 kilovolts. In every case there was a drop to less than one-half the 
voltage during the passage of the spark. The latter phenomenon is scen 
also in an z-ray tube, where it may take a comparatively high voltage to 
start the current through the tube. 7 

Power Apparently Generated in the Secondary Current.—Based 
upon the calculation of 100,000 volts and 2? milliamperes the power 
generated by an z-ray coil would be 500 watts, and with 100,000 volts 
and 15 milliamperes the apparent result would be 1500 watts. As 

the power of the primary or exciting current passing through the coil 
may be only about 500 watts and 1500 watts respectively, and since we 
know that nearly half of the power in the secondary is wasted in the 
form of inverse discharge which must be suppressed, there is apparently 
& greater output than intake of power. Of course this would be an 
impossibility, and the explanation is found in the fact that the meters 
Indicate the maximum of the Successive currents rather than their average 
sirength. 

A transformer, with a primary current of 50 amperes and 220 volts 
or 11 kilowatts, may yield a secondary current of 50 milliamperes and 

Saat rw dem Gebiete der Roentgenstrahlen, Oct. 25, 1904. 
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100 kilowatts of electric energy flowing through the rrac til 
. rf through . pray ™ 
The direct current generator sends almost the full ecu 


m. ‘ ey WivValent cf t hye 
primary power hrough the x-ray tube. 


Amperage of the Secondary Current.—The currents on nerat 


' a 4" ies vice | i 5 ee. . = 
the large induction-coils for x-ray and | wh-irequency cin 


apparatus and for wireless telegraphy in commercial 
very high voltage and also very appreciable amperage 
Means, 2ACCOnMUINE tOSsoOme Calculations, LUX), to S00 (Ww) +, 
strength of the current which such a coil will send throuch the Enormous 
resistance of an z-ray tube is from 1 to 15 milliamperes. The currents 


= wy 4 = i a 7 
are rapidly alternating and, like most other induced currents. eons 


ch spark 


l+ ] iT 
nts, and the 


bi 


waves, each of which has a maximum and a minimum atrenot} The 
L oop, A BLE 


meter shows approximately the maximum amperage without very much 
regard to the average strength, either of the impulses alone or of the 
impulses and pauses combined. Hot-wire meters indicate the current 
strength regardless of its alternating polarity, while electromagnetic 
meters (galvanometers) are of greatest value when the conditions are 
such that the impulses in one direction are practically suppressed. 

The amperage on short-circuit is much greater, and when the poles 
are brought within a certain number of inches of each other the serjes of 
sparks becomes an actual flame which will readily set fire to paper. The 


lencth of the fame vanes with different makes of coil. and its am- 
perage 1s about equivalent to that of a contmuous current of about 10 
or 20 milhamperes. The maximum of each impulse of which the short- 
circuited secondary consists is probably very much greater than 10 or 
20) milliamperes and the current will fuse a fine wire which is not per- 
ceptibly warmed by a voltaic current of that amperage. When the two 
poles are disconnected a spark will pass to a person’s hand held near 
either pole and it gives quite a sharp sensation accompanied by a reflex 
contraction which causes the hand to be jerked away. It is not at all 
dangerous nor actually painful, but is rather disagreeable, like any other 
electric shock. The same result is obtained from either pole or from 
either conducting cord when the coil is actuating an z-ray tube, and to a 
less extent when actuating a high-frequency apparatus. Precautions 
must be taken not to allow the cords to come too near the patient or 
operator or any metallic object, like part of the tube-stand or table, 
through which a shock might be conducted. For the same reason the 
induction-coil and all the connections of the secondary circuit should be 
at an ample distance from other wires or pipes or other metallic objects. 
Allowing the secondary current to spark across to the 110-volt wires 
will burn out all the fuses along that line, even a 30-ampere fuse, and 
ruin the socket and its key if the wires have come from an ordinary 
electric-light receptacle. An undesirable and somewhat hazardous 
experiment consists in holding both poles of an z-ray coil while the 
current is turned on. It has been performed a sufficient number of 
times without any bad effects, however, to show that there 16 no danger 
of serious injury from accidental contact even with both of the wires 
connected with an x-ray coil. Such an accident should be guarded 
against, however, as it would probably produce more or less of a burn 
from an imperfect contact before the current could be turned off, in 
addition to the electric shock. These currents will not leap across 4 
space of more than an inch or two from one wire to some uncharged 
body when the x-ray is in operation. This is because the z-ray circuit 
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their cl nee © 1n potential Deyond that 


across the earece of hinch. Additional power will add t ) 
scharge across that space, but cannot increase t! 
potential. The fact that fi certain resistance 15 necessary to 
ment of a certain voltage 1s the reason why a 
between one or both poles of a static machine ; 
r-ray tube. 
The conducting cords for r-ray currents should belong to one of tw 


i L 


classes: those which trankly ai dmit the inabi hty of their imsulai 
prevent the escape of the current, and se cond, those which hav 
insulation which actually does retain the current sufficiently to pel 
of the cords being handled and even to come in c ae " ith each othe 
with impunity. The best cords of the first kind are ;4 inch in diameter 
consisting of an outer insulating laver of woven silk which surrounds a 
bundle of 15 or 20 parallel copper threads. The silk insulation ke “ne 
the wires in a flexible cord which has no 
tendency to kink or tanele. These cords 
should be wound upon suitable spring reels 
for attachment to the two poles of an 
r-ray coil (Fig. 458). The cords may be 
drawn out to any desired distance, re- 
main taut, and are wound up automatic- 
ally when unfastened from the r-ray tube. 
These wires should be kept from contact 
with other conducting substances because 
the current will pass nght through the in- 
sulation and damage the cord by burning 
x hole in the silk. Such an occurrence 
docs not ruin the cord at all, because the 
Insulation was never intended to be relied 
upon. and & few holes m it do not matter. 
Perfectly bare wires in the form of a spiral 
spring are cheap and convenient as to 
stretching out to any desired position af 
Fig. 455.—X-ray conductor reels. the tube, but they get tangled up in a most 
ageravating manner and are, therefore, 
not to be recommended, Flat steel tapes in an automatic reel are 
serviceable, but not so easily managed in all positions of the tube 
the covered wires above ‘dames “fl. 

The ordinary insulated conducting cords covered with gutta-percha 
and cotton or silk are not suited for high- tension currents. They are 
heavy and comparatively lacking in flexibility and, worst of all, they 
will not stand the electric strain for an instant if the two wires rs happen t to 
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Pcontact with a good conductor 


MiAtTioOn 
Rubber ancl 


SUITeENTS, and alter having onee touched another wire 


the z-ray such a cord loses its insulation at that point 


ior any useful PT Pose it might have servec as an insulate: 
pamary currents of 110 volts or less. These wires are clumsy 
insulation 1s useless for the hicher voltages. 

The second goo class of conducting cords for r-rav work are thoze 


made with a sufficient coating of shellacked cloth or plaster of Paris to 
be impervious even to these high-voltage currents. They have an outer 
covering of woven silk and measure about Finch in chameter.. They are 
comparatively light for cords of such large diameter and slightly flexible, 
enough to bend into a circle 4 inches in diameter, but should not be hent 
at a sharp angle for fear of breaking the msulation. When connected 
with an z-ray coil and tube in operation they may be held in the hand or 
may even be crossed, 1. ¢., allowed to come in contact with each other. 
The latter is productive of a sort of static breeze discharge between the 
two cords accompanied by a rustling noise and violet light. It is not 
destructive, but it 1s unwise to allow it to continue. The author used 
to employ these conducting cords in all cases where special treatment 
z-ray tubes were held in the hand. The small cords on the automatic 
reels are so convenient that they are now used for nearly all purposes, 
the heavily insulated cords being reserved for application of the r-ray 
in the vagina where there would be danger of the wires touching some 
part of the patient. This could not be allowed to happen with the 
lightly insulated wires, but with these others it is not annoying. If 
-the insulation becomes broken in any way, that portion of the wire would 
have to be kept from contact with any conductor, but a break is not apt 
to occur in ordinary use. 

Other methods of measuring the voltage of an z-ray current 
besides that of the spintremeter or spark distance meter are by means ot 
an electrostatic voltmeter dependent upon the attraction of two op- 
positely charged wires; and of an electrometer such as is used in measur- 
ing the density of a static charge. In using the latter there 15 a metallic 
connection between one pole of the x-ray coil and a metal suriace con- 
nected with a rod to which a pointer is hinged. U nder the repulsion 
ransey| hy the rod anid the pointer, being both charged with phe Same 
kind of electricity, the pointer is defle cted a certam distance. The 
graduations on the dial represent Certain voltages which have been 
determined by the use of the electrostatic voltmeter or by the measure- 
ment of a current from s transformer whose voltage is & matter ol math- 
ematic calculation. 

The voltage and amperage of | 
an apparatus as the Oudin resonator actuated by SS eer 
Very great. They present a4 much preater apparent ine is < . os 
between the amount of power applied to the Gpparatils se t The high. 
yielded than has been noted in the ease of the xray Oot. te 
frequency current often has a power of 10,000 volts. tien il . ; 

peres, indicated by the distance of an inch, across which It wil’ produce 
Seo ees ae it white apazks, and. by 4 hot wire milliamperemeter. 


the high-frequency currents from such 
: an x-ray coil are both 
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Thiz apparently piSStsse= dl PO WweT al LC) volts ~ 0.250 amperes = 
9500 watts: while the power of the primary current in the x-ray coil 


may be only 100 volts * 5 amperes = MM) watts. Lhe explanation i 
: kT" — : 


Lhe ered 


= 
i uf, 


' | i T 
the same as in the case of other in luce Currents. 


porptoaray 
by diferent meters is rather the effect of the maximum “ach Ssuceess,ve 
discharee than the cttect of the AVCIRET oor 

in a certain lencth of time. The physical effects, | 
and even penetrating several inches of rlass | ; 
through the eolidd glass, are ex plained on the 


character of the physiologic effect 12 altogecthe 


a explaines only on the aSSU Mm ptlion that an electric discharce with al- 


termations above 5000 to the second loses its power to excite muscular 


contraction and certain other physiologic effects. This applies, of 
OOUrSe. only to the case in which the body forme a conductor for the 


high-frequency Curent produced in the boxy either bY induction oT 
hi perrect eleetric connection with the eleetrode oT clert roces. The 
spark irom a high-frequency Apparatus produces phvsical and phvrsiologic 
effects similar to those from other sources of hich-tension electricity 

The Method of Studying the Very High-tension Currents from 
an x-Ray Coil.—The most effective at Da aC Lis and one which OL ves 
‘a graphic representat ion of the strength, direction, and duration of the 
impulses generated by one of these extremely powerful induction-coils 
is called the oscilloscope. 

Its construction is shown in Fig. 439. A glass tube imto which 
wires are sealed at each end is sometimes separated into two halves by a 
thin transverse partition of glass or mica and sometimes has no parti- 
tion. It is exhausted to the degree of vacuum usual m Geissler tubes. 
The leading-in wires reach to within a short distance of the septum and 
each terminates in a amooth rouniled extremity. Such a tube may be 
Introduce] mito the circuit by connecting one of Its WIres to a conducting 
cord from one pole of the z-ray coil and the other of its wires to a con- 
ducting cord leading to the proper terminal of the z-ray tube. In this 
arrangement the currents to the z-ray tube all pass through the osculo- 
scope. When these induced currents are passing there will be a play of 
violet-colored light between the ends of the leading-in wires and the 
intercepting diaphr: em. The reflection of this light in a rapidly 
revolving mirror shows that it develops in a series Of Waves in alter- 
nate directions ancl separated by & PALS. The general character in 
one of Lewis Jones’ experiments (Fig. 459) was similar to that of 
the secondary currents in a faradie coil without an iron core. If the 
Inverse discharge is suppressed by the proper adjustment of spark- 


Fig. 459.—Oscillascope observed in rapidly revolving mirror. 


gaps or ventril tubes or self-induction the corresponding inverse portion 
of the wave will be absent from the tracing. This is made by throwing 
the reflection of the spot of violet light from the revolving mirror upon 
a photographic plate. Looking at the reflection in the revolving mirror 
the violet light does not look like a simple spot, but like patches of 
light of definite shape, most probably of the character shown in Fig. 
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(50, where the mv discharge or make current in the 


above the neutral line and thi 


3 ‘direct or break current i: 
rate of revolution of the mirror being known, we ma‘ 
tracing the number of inverse and direct discharges per 
proportion of the tims occupied by each as compared with 
each period or evecle is indicated and aleo the relative strenet] 
method does not direct ly measure the voltace 
rent=. 

This method is applicable also to the study of high-frequency cur- 
rents. 

The following is quoted from the first edition of this work (1910): 

“A thought has occurred to the present author that this method of 
studying induced currents will ultimately lead to the discovery of a per- 
fect apparatus for the production of the z-ray. The ideal current, 
qgecording to my view, 1s one which will maintain a constant difference 
of potential between the two poles of the z-ray tube instead of the rapid 
change from high to low potential or even to an inverse potential as 
produced by present methods. The ideal chart according to this view 
would show a uniform clevation instead of the waves in the present chart. 
This might occur from each individual direct discharge being length- 
ened by self-induction or by additional capacity in the primary or in the 
secondary circuit, or by increased rapidity of mterruptions; and in 
either case it presupposes the complete suppression of the mverse 
discharge. The additional capacity might, for example, be a con- 
denser. of which the two surfaces or sets of metal sheets were of enormous 
extent. And if such a condenser were placed in the secondary circuit 
the insulating plates between the two sets of armatures would have to 
be of creat thickness and impenet rability. The only ideal generator 
of z-rays is possibly radium. The x-rays and other radiations seem to be 
eent out from radium under the influence of a constant and uniform 
force, just as heat and light rays or waves are sent out from a body that 
has been heated while hot and is kept at that temperature by a uniform 
source of heat. Of course, the heat is given out as vibrations, but these 
are millions of times a second and are like the z-rays from a tube im 
which the two electrodes were, according to the author's ideal concep- 
tion, maintained at a uniform difference of potential. Let us magine 
a hollow métal ball (Fig. 460) with such thi : 
walls that it will respond to the very slight- 
est imaginable variations in temperature act- 
ing for the shortest time, and have this 
heated by a gas-jet the pressure of which 
varies from its maximum down to zero, oF 
which may even be replaced by a blast of cold 
air. Then the heat vibrations would be sent 
out in varying quantities, and if the variahons 
in the source of heat were very great and 
rather slow there would be perceptible changes 
in the light and heat given out by pea Fig. 460 

. “ye Me | it the wave [en 4 
of tne ee By fae Seana would also vary with the perm = sees 
the variations were very rapul and uniform they might be mperceps ‘ 
and the metal sphere might seem to be giving out a uniform amount and 


quantity of heat and light, although in this imaginary case of a metal 


Cr Ti peers 
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— ur were Tariatt nm the eourre of mt the 
instantly ti 4 wa rh Vora hi) a iti he | _ she I hie ee 
from its Maximum quantity to zero, and it 
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respond ing 
weak TaAplaly VaArvine 
length YW 45 also varving, are 
even wider. Such an apparent uniformity « 
consequchcec of extreme rapidity amel | 

ros to the best eoncditions we are at port aent able 
a ion of the z-ray. At present the radiations from an z-ray tul 
a mixture of vibrations of a great many different wave-lengths and phy 
ical “ml physiologic proper les. With the icles | conclit r n ot ‘i untforn 
and adjustable difference In POTeMtLAL between the two electrodes of an 


z-rav tube we shoulel zurely be able to secure a unitonm pr MlwetION of rays 


and might very probably be able to produce 2-Tays all of the came wave- 
length and to regulate the wave-length according to the degree of pene- 
tration and other properties desired. This would correspond to a metal 
sphere heated to an absolutely uniform degree by an unvarying gas- 
it. The radiations trom a t ube at the Present Time may he reculater 
so that there is a preponderance of rays of a certain wave-lencth but 
mingled with them are others from one end of the scale to the other. 
and for some DUTPOSes the =<-Iray 18 made to Dass thre uch a sheet of some 
substance which arrests rays of a certam quality and transmits rays of 
another quality. This would not be necessary if it were possible to 
excite a tube so that all the rays were oi the desired quality.” 

These pages were read by Messrs. Sewall Cabot and Joseph T. 
Shaw, who were secking an improved z-ray generator, and after some 
years of experimentation they have produced a generator of a direct cur- 
rent of high potential and of approximately unfluctuating voltage. 
This 15 described on page 725, | 

Induction-coils for Very Heavy Currents.—Coils have been 
constructed (1907) by the Vereinigte Elektrotechnische Institute, 
Frankfort and Aschaffenburg, producing an abnormally powerful second- 
ary discharge. They are sand to be capable of forcing 20 to 40 milliam- 
peres Of current through a tube which is giving out No. 7 Benoist rays 
andl through which the usual type of soil will only send 4 to 4 milham- 
peres. hey are ruaranteed to produce a chest radiograph in from one 
to ten seconds without an intensifying screen and are said to produce 
pelvis pictures in two or three seconds under favorable circumstances. 
These heures are for a coil in which the primary spool is 40 inches long 
and the distance between the secondary terminals is about 13 inches. 
It weighs about 150 pounds. It is very important to remember that 
& powerful current may be passing through the primary, as indicated by 
the amperemeter, and a relatively heavy current through the tube, as 
indicated by the milliamperemeter, and still produce no 7-radiance at all, 
caer coe “ radiance that only the poorest sort of picture could be 

for tha ee oe would require an excessively long exposure. Z [tis C3} 

eet penenced eye to note the defect either with or wit hout the 

"eee age nate determine the CAUSE ant how to remedy It are one 

Ho = ah O great technical ciihculty and it is to assist in this that 
many details in this chapter have been written. 

Radiography with a Single Impulse.—The current through a coil or 
Se es if tumed on sand is immediately cut off by the blowing out 
eatin the pe. A single break dischange is thus produced which 
at =-Tay tube for an instant. The Polyphos Co. have a patent 
Upon én outfit in which there is so little resistance that at the single 
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contact there 1s a tremendous flow of current and an extraordinary de- 
relopment of e-Tav POWer. lt i thus possible to take a radiograph at 
rt crying child. W appier, in this COUNTY, 15 about to manufacture a coil 
or transformer of this type 

Rapid Radiography with Several Parallel Wehnelt Interrupters. 


This method 14 said to have been devised by Groedel. of Nauheim. Ii 
is applicable to an ordinary induction-coil and consists in connecting the 
positive electric-light wire with three large platinum points, which may 
be in a singic larce jar or in three Se Da rate Ones. There would he a eine 
gle large lead electrode forming the negative pole of the interrupter lf a 
single [x4 ze yar Was used. or ain the other case the three lead electrodes 
in the separate jars would all be connected with a single wire leading 
to the @-Tray ec vil. 

The direct electnec-licht current of 110 to 250 volts is used anda 
primary current of 60 to 90 amperes, sending a secondary current of 20) 
to 50 ma. through the z-ray tube. An exposure of one-fifth to one-half 


‘ ct] a a = - = A j a : 7” t hae Th 
Fig. 461.—Teela transformer wires oetgleee an fee an induction-coil which i6 mot she 
) Ba | be | c 


second produces an excellent radiograph of the chest when all the econ- 


A. heavy anode tube is required and a quick break 
hen this very strong current 15 turned off. An 
P rent after the proper time, 


ditions are favorable. 
switch to prevent arcing w oe eae 
automotic circuit-breaker, cutting eat cur 
ig a very desirable addition to the oul. = ea ea 

The coil has to be specially adapted to this purpose, in order to sectire 
much increase in tray power by the addition of one or more extras 


rere tei iregtaicy Coil for 2-Kay Production — a alter- 
nating electric-light current may be connected directly es oe pri- 
mary of a Tesla transformer, and two amall condensers highly insu- 
lated by immersion in oil have a spark-gap between ee pres 
armatures and their secondary armatures are commecss with te 
ry of the spark coil. A small z-ray apparatus of this type would 
tbout 60 turns of No. 18 eqittec perelia- cows? copper wire for 
and about 300 turns of No. 30 silk-covered “magnet 
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sire for the secondary. The terminals of the latter are connecte 


with the z-ray tube. 

if an alternating electric-light current 15 not available the direr: 
electne-light currents may be changed by a rotary transformer, and ¢} 
alternating current thus produced may be used to actuate a Tesla ¢ 

An TP fube lishts up with the cischaree from sf Tesla Or high . 
frequency coil (Fie. 461), but it usually lacks the sharp line of demarcen- 
tion and the brilliant radiance characteristic of the operation of an r-rax 
tiuhe actuated bw an inductiron-coil. The CQvwingcton dP PATAT ILS ancl tha 
Clapp-Eastham quahty coll, for instance, are excellent types of the 
high-frequency apparatus, but they ‘ lO not give z-rays equal to apna- 
ratus of the same prade upon the other principle. 

The reason for this is the alternating character of the discharge. 
Neither pole of the apparatus can be considered the negative pole, and 
there is as much radiation of cathode rays from the anticathode and the 
accessory anode as from the cathode of the z-ray tube. It is true that 
one set of impulses may be suppressed to a certain extent by ventril 
tubes. This means a very great waste of power as compared with the 
discharge from a Rhumkorff or induction-coil. The latter is so much 
more powerful at the moment that the primary current is broken that 
the Ruhmkorfi coil has distinct polarity, and one pole can be considered 
the negative and the other the positive terminal. 

An ordinary x-ray tube with its cathode only connected with the 
Oudin resonator, adjusted to give a 4-inch effluve, produces a moderately 
good z-ray. No other connection is made with the tube. The current 

traverses the tube not by leakage from its 
anode extremity, but by back-and-forth surg- 
ing. The gas in the z-ray tube acts as a 
condenser. 

The High-tension Transformer.—a< pio- 
neer apparatus of this form for the production 
of the z-ray was introduced by Gaiffe, of 

rian a Paris. To make a transformer, we take a 

if. 462 —Sten-op tran: be cor ae Fa =a 
former: P, primary: S. second. S0ft iron ring (Fig. 462) and wrap a part of it 
ary. lt in several turns of insulated wire throuch 

; | which passes the primary current and wrap 
another or the same part of the ring with a number of turns of insu- 
tated wake In which the secondary current is to be renerated. Every 
-we the current starts or stops in the pomary turns of wire a current 
= induced in the secondary turns of wire and the voltage of the two 
spr hecaate primary anc secondary, is directly proportional to the number 

=e excerpt a wire makes around the Iron ring. This is a mat ter 
Sent ty use 3 electric engineering, ancl if the transformer wens thlerd 
us? atichi Fi! wat to a high voltage the apphance Is called a sige 
lh _ called. : he appliance for changing from 4 high to a low voli- 
practical ee a “ step-down fransformer. [ ransformers mace for 
ea Faipcenel 2 Scar welding and lighting and electrie power genera- 
down with the ‘fics a beoee that the voltage is changed either up or 
Gaiffe's enabge re > Per cent. of the power. heen. 

ur alternating Cure t zi a2 sien ae high frequency Spray In this 
must. be changed = F say where only a direct current Is rh ala sah i Is 

Tones pew ‘Oo a0 alternating current by means of a dynamo 
machine known a8 G2 motor generator. The pri mary CUrrent is regulated 
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Fig. 463.—Gaiffe's transformer for x-ray and high-frequency currents. 


It is necessary that it should be provided with a regulator of its degrees 
of vacuum. With Gaiffe’s apparatus it is necessary to have a set ol 
condensers insulated by compressed air, and there is also a liquid re- 


sistance on each of the secondary wires. In these resistances the current 
has to pass between a platinum and a lead point through dilute sul- 
Phurie acid. The condensers and these liquid resistances produce UE 
formity of discharge by preventing self-induction in the turns of the 
secondary wire in the transformer from a sort of backing up action 
which would occur especially In connection with a high-freq ueney sOle= 
noid or resonator. 

The principle of the transformer for actuating an z-ray tube is not a 
new one, but this whole combination gives such uniform and powerful 
currents that with some European operators it has displaced the more 


F | ee | } Lie Goat id ' LAr TLD a8 Le Sd bt" 








720) MEDICAL ELECTRICITY AND RONTGEN RAYS 


(raiffe’s transformer apparatus (Figs, 463-165 . for high-frequency 
currents and the x-ray, depends partly upon the use of compressed air 
Or fas Bs A i ilectric or insulating medi, ancl prartly pon the intro. 
duction of resistances or inductances in the Orinars Creu cer 


5 
= i 
= 


from the secondary Creu! La} prevent Loe formation ot an Are 

spark-gap. 
The first ts 

other @as is a better non-conductor of effluves or disruptive discharges 


based upon the supposed fact that compressed air or 
than gases at ordinary pressures, and that it has the advantage over solid 
insulation like paraffin or hquid insulation like petroleum oil. that it is 
perfectly homogeneous, whereas, Tie 

a local defect in these others eer eel mi 

might occur. The possibility of : 

a change occurring in the pressure 

of air inside the case containing 

the transformer produces a dan- 

cer to the apparatus from a re- 

duction im the insulation which 

is guarded against by a satcty 
device. There is an orifice at a 
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Fig. 464.—The condensers for Gaiffe’s Fig. 465.—Details of Gaiffe’s transformer out- 
I-Tay transformer. ft. The ventnl tubes are not shown. 


certain part of the case which is closed either by a flexible membrane or 
else by a piston. If a leak occurs the reduction in pressure will produce 
motion in the diaphragm or in the piston, and this motion actuates a 
quick break switch which turns off the primary current. The connection 
between the piston or the membrane and the switch may be a purely 
mechanic one, the motion being transmitted by levers and springs, or it 
may be an electric one, in which motion produced by the lowermng of 
the pressure makez an clectric contact, and the current so turned on 
operates a relay which causes the circuit breaker to act and cut off the 
Primary current. | 

The suppression of the arc which tends to form at the spark-gap 144 
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broken and which without a large capacity to rece 
charge the two poles of the spark-fap and maintain 
capacities are connected with the secondary eieutt. ance 
be placed in the primary circuit of a transformer which will have aiciilee 
effect. The magnitude of the capacities and of the mductances to he 
introduc i | Varics according Lo the precise condi Orns. hath inl Se 15a 
of a transformer with suitable resistances the other two means may be 
dispensed with altogether. 
Malaquin and Charbonneau have constructed a transformer giving 
20,000 volts. It has two secondary circuits around a closed magnetic 
ning. Provided with a rectifier, it 15 said to excite S&S z-rav tubes in 
series. ; 
Alternating Current Generator with High-tension Rectifier for 2- 
Ray.—A transformer 15 used which produces an alternating current of 
60,000 volts and of 1 to 5 kilowatts, depending upon the amount of pri- 
mary current. This is from 10 to 50 amperes of 110-volt alternating elec- 
tric-light current. This is the generator in Snook’s apparatus, made by 
the Rontgen Manufacturing Company. If one has the direct electric- 
light current a motor generator is required to produce an alternating 
eurrent. The current is rectified by a commutator m such a way that 
the top of each wave in the right direction is utilized. No ventril tube 
or spark-gap isrequired. The amount of current sent through an z-ray 
tube may be 50 ma. or more. The author has seen excellent radto- 
eraphs of the chest which have been made by Dr. Leonard im an esti- 
mated time of one-half second, and pelvic radiographs made with an 
exposure of two seconds. Both of these were without an intensifving 
screen. The thorax pictures showed the diaphragm and heart with 
clear outlines approaching those obtained when a dead person 
radiographed: they also showed the space between the heart and the 
diaphragm, which is usually demonstrable only by the fluoroscope. 
The greatest difficulty in the use of enormously powerful currents 
is going to be with the z-ray tubes. A continuous discharge of ol ma. 
or more will develop a temperature of 2000° or 3000° F. at the focus of 
the z-ray tube and fuse even iridoplatinum in a short time. The 
latter metal as a thick sheet riveted to a copper backing is used for the 
anticathode in one of the tubes made especially for these exceedingly 
heavy currents. Another form of anticathode is made by electroplating 
the platinum directly upon the copper backing, Silver-plating Is useful. 
Secondary Rays from a Tube Actuated by Such a Tramsformer-— 
In a personal communication to the author Dr. Leonard expressed 
the belief that the unidirectional character of the discharge through the 
x-ray tube results in a radiance free from secondary or vagabond rays, 
and that, therefore, no diaphragm would be necessary to cut off these 
rays and secure good definition. He said that in renal calculus cases 
the amount of definition was so great as even to be confusing. At the 
author's request Dr. Leonard has tried the author's experiment in which 
a suver dollar was interposed between the z-ray tube and a penny, 
so that the latter was in the shadow of the former. The penny was 
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ephere, and in this wavy add the blurring due to the secondary ra 

the Dluminated hemisphere alone. No amount of rectification of the 
Current 1s rome to remove the latter source of secondary rave. The 
most practicable ways to deal with this are by the use of a diaphragm 
to cut off the secondary ravs and by the use of an z-ray tube with a very 

small active bulb communicating with a larger one acting simply as a 

gas container. The author's cellular radiating diaphragm gives good 

definition over as wide an angle as may be desired. It may be con- 

structed to illuminate almost a hemisphere. No limitation as to the 

strength of current and the consequent intensity of the radiance results 

from the use of a diaphragm. His contact diaphragm is especially 
useful. 

The use of an z-ray tube with only a small surface for the radiation 
of secondary rays while permitting of the radiation of direct rays 
throuch almost a hemisphere 15 also believed to be original with the 
author. | 

Kny-Scheerer “Interrupterless’’ o-Ray Apparatus——The Kny- 
Scheerer “interrupterless ’ apparatus, developed from Snook’s inven- 
tion (Fig. 466), comprises a small stand upon which are mounted 
the necessary switches and rheostats and a cabinet, in which ts a 
motor generator (U, Fig. 467), a step-up transformer (T and fh 4), 
and a high-tension commutator (bc g, ete.), which is mounted upon 
the same shaft as the motor generator. This high-tension rectifier 1s, 
therefore, synchronous with the alternating current furnished by the 
motor generator to the step-up transformer. | 

When a is the positive secondary pole of the step-up transtormer, 
the positive current passes through 6 and the metal strip 5 to the ter- 
minal c. then to the anode of the x-ray tube, and from the cathode of the 
z-ray tube to the terminal f. From here it passes through the metal 
strip S, and g to A, the negative pole of the transformer. 

During this time the positive current cannot reach the cathode of the 
z-ray tube because the msulated part of the right revolving disk Is 
interposed. The insulated part of the left commutator disk 15 also 
interposed in the path from the negative pole to the anode of the r-ra} 
tube. 

At the other phase of the high-tension current both Se 
disks have performed a half-revolution, so that a complete metallic ae : 
is furnished by A, which is now the positive pole, through and 5, anc ¢ 
to the anode of the z-ray tube. From the cathode of the z-ray tube i 
positive current passes to jand 5, which is now in a line between J = cht 
from which it passes to a4, which is now the negative pole of the trans- 
former, 

The current delivered to the x-ray tube is unidirectional and pulsat- 

Ing (Fig. 468), and is much less destructive of tubes than the alternaung 

discharge from an ordinary induction-coil, as in Fig. 469. are: 
The simplest type of this apparatus is the one made for use wie 

the direct electric-light current, because the high-tension commutator 18 
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- 468.—Current delivered to 2 my tube by transformer with high-tenzion commutator. 
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Fig. 400.—Current delivered to zray tube by ordinary induction-coil, 
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the present the most reliable method for employing the alter, 


electric-licht current or multiple phase current 1s to use it to run: 
generator with the high-tension commutator mounted upon its shafi 

Waite and Bartlett and Wappler are among the American manufar- 
turers who make excellent transformers for z-ray work. 

Open or Closed Core Transformers for z-Ray Work.—There ix an 
impression that a1 ranstormer in which there is not a complete iron ring 
rives a better quality ot r-Tay for such subjects as the frontal sins. 
This be should determined by the manufacturers. 

A inch transformer is excellent for “instantaneous Rontgenography 
and for telerGntgenography. The maximum capacity of such an ap 
paratus is 4 kilowatts and the output can be regulated for the mildest 
radiotherapy and for exciting Ingh-frequency apparatus. They are 
made up to ll kilowatt capacity, which of course 1s much better. 

Direct Current Motor Generator for 2-Ray Work.—An apparatus 
of this kind was under construction by the Baker Electric Company at 
the publication of the first edition of the present work, and was de- 
signed to develop a continuous direct current of 50,000 volts and an 
energy of 44 kilowatts. ‘This means the use of about 50 amperes of 110- 
volt direct current to run the motor. Seven or elght horse-power are 
generated and a shock from this current will be a much more serious 
matter than one from an ordinary coil or static machine. Electric 
engineers had up to that time considered 10,000 volts the practical limit 
in generating direct currents. It has not been brought to perfection. 

Unfluctuating, High Potential Constant Current Generator for Excit- 
ing an a2-Ray Tube.—lIn the first edition of this work (page 663 } the 
author expressed the opinion that neither the induction-coil or the static 
machine or the transformer with a high-tension rectifier, or the Grsso- 
nator with its series of impulses in the night direction, was the ideal 
generator for z-ray purposes, and that a generator of a constant, and, of 
course, unidirectional high potential current which could be regulated 
to any voltage would be preferable for the following reasoms: 

The discovery of this apparatus came about from the perusal of 
these paragraphs by Messrs. Cabot and Shaw, electric engmeers 
engaged in the manufacture of high-tension apparatus for wire at 
telegraphy and other purposes, and Mr. Cabot, having already pions 
work upon a means of generating high-tension direct current for ee 
metallurgy, they decided to apply their invention, im the hrst pa 
to the generation of current for z-ray purposes. Ther first apparaus, 
the heterodyne, consisted of a transformer in which an Re ies 
rent of 220 volts was stepped up to a current of many thousanc Ls ne 
which was made unidirectional and practically constant by means “he 
condensers of very preat capacity, mad iniue eee acting as choke col 

‘Or SU ing currents in the wrong direction. : 
+2 st aire baa over the ep which gave 4 Seres of 
dary currents in the right direction, but, of course, with a voltage 
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_. Fig. 470.—Cahot high-potential direct current converter. Delivers unfluctuating, 
high-potential direct. current from direct or ilierinting current source (Electric Lonversion 
(o., Brookline, Aimes.). . 

_ visible in the glasa case isa low voltage triple-phase generator, the current from which 
is ttepped up by three transformers, one for cach thase, concealed in the hase. "The high 
co nie triple-phase current renches the x-ray terminals through a commutator visible in 
La ries see, 

_ In another glass case on top the suthor has a high-tension interrupter and condenser, 
Oy Ene s crf whieh the current is ensues! to flow through the tube only half or only 


one-tonth of the time. This is for use in fluoroscopy and radiotherapy. 


Shaw and, while this was recognized as a distinct step toward his ideal, 
It seemed to him that too much power was wasted, and that the cor- 
relation of the various capacities and inductances was a complicated 
matter, and probably not subject to accurate reculation for the different 
yi tangs 4 TL AIM Perages req uirect for all radiographic anc treatment work. 

he final development Is the Cahad high-pots noial constant rollage 
generator, which requires the tse of no condensers or choke coils, and 
transtorms a direct current of 220 volts inta a continuous direct current 
of from 10,000 to 140,000 volis, with the loss of about 1 or 2 per cent. ot 
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_ Fig. 471.—Control panel for Cabot hich potential direct current converter: A, ATil- 
liameter: BH, kilovoltmeter; i. primary ammeter: F., quality (ratio of transformation) 
lever: D, quantity (resistance regulator) lever: F, operating switch: G, Tr eu rent switch; 
H, starting box: I. sutomatic overload circuit breaker. The time switch is not shown. 
It may be set for exposures of from one-thirty-second to one second (Electric Conversion 
Co., Brookline, Mass). 


a certain difference in potential equal to that of any other opposite points. 
If the current were taken from any two fixed points of the secondary 
winding it would be a triple-phase current, which is only a special type 
of alternating current; but collecting this secondary current from portions 
by brushes which advance at the same rate as the variation in the cur- 
rent secures an unfluctuating secondary current. The voltage is so 
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W hile it is equivalent to a Gramme's ring, the transformer looks 
ike three oniinary “step-up” transformers. ‘The primary is im | 


different sections, so that any dered ratio of transformation ane. en 


wa . : i rie TH... * i ; 
sequently, any voltage may be secured. ‘here ts a rheostat to reculate 


the amperage of the primary current, and consequently that 
secondary current, but, of course, with 4s certain adjustment 
apparatus the voltage attained will be higher the greater the deere: af 
vacuum in the tube, and the number of milliamperes passing through the 
tube will be correspondingly less. 

Generally speaking, with an unfluctuating voltage, each 10.000 volte 
corresponds to 1 degree Benoit, so that 90,000 volts indicate r-ray , f 
about No. 9 Benoist, and the greater the number of milliamperes sent 
through the tube at this voltage the more quickly a radiograph will he 
produced or a given therapeutic effect obtamed. Cahot's experinn nts 
show that with this voltage an exposure of 3400 milliampere seconds at 
10 inches from the skin equal 1 Sabouraud-Noire dose. Aceordine tr 
this estimate, if the anticathode were 10 inches from the skin and there 
were 34 milliamperes passing through the z-ray tube, an exposure. or 4 
series of exposures, amounting in all to one hundred seconds, would 
produce a Sabouraud dose. And, again, if there were 3.4 milliamperes 
passing through the tube at the same voltage, representing the same 
degree of vacuum and the same qualit ¥ of I-Tay, An €XPosure of one thou- 
sand seconds at 10 inches from the anticathode to the skin would pro- 
duce a Sabouraud dose of 54 Holzknecht units. | 

Currents sent through the z-ray tube by such a generator must be 
prevented from undergoing oscillations analogous to those shown by the 
110-volts direct current when supplied to an electric arc with a condenser, 

and known as the singing are, page 618. Oscillation stoppers are, there- 
fore, provided, which consist of spirals of fine wire wound over hollow card- 
board cylinders. One of these is in circuit at each secondary terminal. 
‘in z-ray tube, with the proper degree of vacuum, excited by this appara- 
tus, shows no inverse discharge at all in the oscilloscope, and no spark- 
Raps OF ventril tubes are required for radiography or Rontgenotherapy. 
But a tube with teo high a degree of vacuum shows rings indicative 
of Inverse discharge, and this is confirmed by the oscilloscope. 

The apparatus consists of several different parts. At the bottom 
there is the transformer, or rather there are three transformers for pro- 
ducing the high-potential current from the triple-phase primary current. 
This section may be enclosed in wood and requires no attention. ‘The 
section above this contains a motor generator of triple-phase currents, 
having hard-rubber revolving disks mounted upon its axle, and pressing 
against the outer edge of each disk are metal springs acting as collecting 
brushes for the high-tension current. This part of the apparatus had 
better be enclosed in glass, so that one may sec that these contacts are 
all right. There are two oil-wells, which should be kept full to lubricate 
the bearings of this motor generator. 

A number of fuses and an automatic circuit-breaker protect the ap- 
paratus from too heavy currents. 

Above this there is the fluoroscopic attachment, by means of which 
the high-tension current may be made to flow through the z-ray tube 
one-half or only one-tenth the time. This is useful for treatment and 
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Where 2 OF 
idyjusting t hie ratio ot 
| | Lexposure of one-fourth se: 
will produ ¢ a radiograph of the stomach and intestines with intensifvine 
screen and radiographs of the hands without a screen. A tungsten facie 
tube will stand a number of these exposures at intervals of 4 cac, ind. : 

Turning the rheostat to a point where only one-fourth of the entire 
resistance 15 in circutt, and adjusting the ratio of transformation for 
60,000 volts, an exposure of about two seconds is suitable for screen radio- 
graphs through the body and about fifteen seconds without an intensi- 
fying screen. ‘The same intensity will make radiographs of the extremi- 
ies in two to seven and one-half seconds without a screen. The longer 
and weaker exposures have more effect upon the vacuum in the tube. and 
require a change of tube from overheating sooner than the short, strong 
EA DMSUrES which produce Em equal efect UDO the photographic plate. 

These two strengths of current are sufficient for practical purposes 
In radiography. 

The fube 1s regulated beforehand with a low-tension current, until tt 
transmits a current of 5 ma. or a little less with a pressure of about 40,000 
volts. 

For Rénigenotherapy 60,000 volt ratio is excellent, and for many 
cases either all the rheostat resistance may be used or about nine-tenths 
of it. Current values of 57,000 volts and 4 ma. correspond to about 6 
Benoist and +), Tousey, producing a mild erythema dose of 5 H. in about 
forty minutes at a distance of 13} inches from the anticathode to the 
skin. 

A new tube will commonly light up at a tension of 20 kilovolts and 
pass a few milliamperes. After a little use it may require 40,000 volts 
and pass 5 ma. ‘The tube in the first condition will pas perhaps 200) 
ma. if sufficient power is turned on to maintain a tension of 90 kilo- 
volts at the tube terminals, while in the second condition a voltage of 
90,000 will send perhaps only about 30 ma. through the tube. anal 

A tube which has been used a number of times requires 2 higher cost 
higher voltage to light up and, unless the vacuum 15 regulated, baie 
eventually reach the crank stage, where 100,000 volts may be requires 
to break down the resistance of the tube, and where, with an erat 
ting voltage renerator, “4 great rush of current ie take ote ae 
undesirable effect upon the tube. The moral is to test the 7 : ae 

the tube with small current values and use ne regulator rather than 

extremely hi res for overcoming Crankine=s- 

eeThe time of exposure with any of these voltages will be eathe 

the greater the number of milliamperes passing through the tube. | The 

best current with medium and high voltages is 20 to 50 m recess | 
Within reasonable limits it may be said that with any partew lt 

voltage or penetration factor the same number of milhampere secon 


will p oduce the same radiographic result. 
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Eramples of Radiograplic Faeposures with an Onjiuctueling Voltage. 
—A small child’s hand may be radiographed with 30 kv., the thymus 
celand with 40 ky.; a thin adult toot with 45 kv. and 50 ma. exposure. 
three seconds at 25 inches.; a large 160-pound woman's abdomen with 
65 kv., 40 ma., and five or =1 wmnds. Bismuth exposures are made with 
70 ky., 50 ma., an intensifying screen, and an exposure of one zecond or 
less, depending upon the size of the person. <A very thick adult hip 
requires SO,(MM) volts. 

The “fluoroscopic attachment,” by means of which the current paszes 
through the z-rav tube only one-tenth of the total time of exposure, ac- 
complishes much more than the mere attenuation of the radiance. It 
makes 1t possible to decidedly increase the voltage, and, consequently, 
the penetration, without increasing the milliamperage or the total z- 
racianee to which the patient is exposed in the course of a treatment or 
a fluoroscopic examination. 

The tube in a certain condition may transmit 5 ma. with a voltage 
of 40,000 and an all-time current, and show current factors of 2 ma. and 
4 kilovolts with one-tenth time current. This means an increase of 
almost one-half in penetration and deep effect in radiotherapy and safety 
In fluoroscopy. 

Sahouraud Dose of About 53 H. with the Cabot Transformer.—Cabot 
anc Dodd, experimenting at the Massachusetts General Hospital, found 
that with a penetration of 4 Benoist this standard erythema dose was 
apphed by an exposure of 3400 milliiampere seconds at a distance of 10 
inches from the anticathode to the skin. For example, a current of 3,4 
ma. would require an exposure of one thousand seconds, and an exposure 
os thousand seconds with 1/, ma. and five hundred seconds with 6,55 

a. 

My own observations go to show that milliampere seconds do not 
form a reliable McCasurement of r-ray dosage, but that it Is necessary to 
standardize the conditions as to voltage and milliamperage, so that 
these may be duplicated for each treatment of the same character with 
the same z-ray tube: and then, by means of a record of the effects upon 
Patients or test EXPOsUres Upon Sabouraud pastilles, or the author's 
method of comparing the photographic effect of the r-Tay with that of 
Incandescent electric-light, we may attain an accurate measurement of 
the power of the z-radiance itself. 

_ Absorption of z-Rays of Different Degrees of Hardness by the Human 
Tissues.—Cabot’s' results with an unfluctuating voltage, shown in the 


' Archives of the Roentgen Ray, Aug. 1911. 
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A-ray Tube Refusing fo Tra nannt Curre nf.—(One imp Tian Fact = 
that a tube which will not light up with any reasonable application of 
power in the form of an unfluctuating voltage may very likely licht 
up under the impulsive discharge from an induction-coil, and imme 
diately afterward operates nicely with the unfluctuating voltare. The 
possession of even a small induction-coil, and its use for such contingencies. 
will often save a tube from being punctured or having its vacuum reduced 
below a useful limit m the effort to pass a current of unfluctuating volt- 
age throughit. These remarks apply also to the use of the ordinary 
spark regulator for lowering the vacuum in the tube; it is sometimes diff- 
cult to send an unfluctuating voltage current through the regulator of a 
cranky tube. 

It is not to be supposed, however, that sucn troubles are entirely 


avoided by the mere use of an induction-coil or of a transformer giving 
an impulsive current. ‘There comes a time with every tube when a fur- 
ther attempt to send a current of any kind through it will result in ruin. 
The tube should not be forced, but sent to the maker to have a new regu- 
lator applied and re-exhausted. 


THE TYPE OF TUBE 


When an x-ray tube is spoken of as a 50-cm. tube 1t means that 
the tube is intended for use with a current strong enough to spark 
across a space of 50 cm., and for general radiographic work this 1s 
about the best size of tube to use. A tube of 25-cm. rating is about 
the smallest useful size, and one as large as 100 cm. is to be considered 
asacuriosity. Recently tubes have been designated as 7-inch bulbs 
if their diameter is 7 inches, and this is the most useful size. The bulb 
of a 50-cm. tube is about 6 inches in diameter and the distance from 
the cathode to the anticathode is about 3 inches, and usually the anode 
and anticathode are connected by a wire outside the tube, so that the 
anticathode is also an anode. ‘The resistance to the passage of the 
current through the tube is very slight when the vacuum is low and al- 
most any strength of current may be sent through it, but, of course, 
not long enough to overheat the tube. When the vacuum is medium, 
however, the resistance is such that if a current of more than a suitable 
strength is turned on only a portion of the current can be earried across 
by the cathode stream and the rest will spark across the air-space be- 
tween the positive and negative ape of reas wie very. great Conte: 
of puncturing the tube. This ts the way that most punctures ose 
aber sae perhaps from the negative tip toward the anticathode, 
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liable to become hard or develop il high degree of ¥ ACU luring thie 
exposure, and it is often wise to have the positive and negative arms 
of the f-ray cou only a little farther apart than the spark resist- 
ance of the tube so as to act as aA Saretv valve. lf the TAaCcCUUM IT] 
the tube and consequently its resistance become too hich. the Cur= 
rent will then leap across between the terminals of the coil instead of 
puncturing the tube. The same salety-valve arrangement is almost 
always a wise precaution against accident in the event of an excessive 
current from burning out or short circuiting some part of the rheostat. 
In such a case if the current can harmlessly jump across a space of 3 or 
t or even 5 or § inches between the arms of the coil It MA prevent In} ury 
to the tube and alarm to the patient. 
The most sausiactory tubes are the btanodal, in which the anticathode 
and the anode may be connected by a wire outside the bulb and really 
form a double anode. Such a tube does not blacken as quickly as one in 
which there is only one anode and this feature is especially valuable while 
the tube is being exhausted on the air-pump. It must be remembered 
that an r-ray tube consists essentially of a bulb containing a partial 
vacuum with a positive and a negative wire carrying to it a current 
of very high potential and very rapid interruptions. ‘The current is. 
of course, carried from the negative to the positive pole, no matter what 
their relative positions may be; but as a result of the current the eathode 
rays start perpendicularly from every point on the surface of the cathode, 
which is commonly made concave so as to focus these rays upon a metal 
disk called the anticathode. where their impact eauses the vibrations 
called the z-ray. It is not necessary that the anticathode should be con- 
nected in any way with the electric current. In fact, in some tubcs 
used especially for treatment there is no anticathode at all, the x-ray 
omginating from the impact of the cathode stream upon the glass wall 
of the tube. This was originally the case in all z-rav tubes. The essen- 
a unetons of the target are so distinct from those of the anode. 
which is merely the positive terminal, that it is always preferable to call 
at tae anticathode. In some tubes it forms also the only anode, and in 
‘oc rag Mi pee Serban! " th another anode, or may be used as the 
The anticathos Fyre o Soeas disconnected from the electric WIPES. 
Dirrors the nasi anyany e886 must be placed at the focus of the eathode 
sufficient distance reitea r ae be placed at any part of the tube at a 
4 new tube rae quite a loa ode, Sometimes It will be found that 
anode anid the anticathod ) yome and will vive better results when the 
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ites be (oun 3 Pree ae spose: tube becomes harder from use It will 
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anode for the positive terminal. and the tube became 


using onl 
inte a dark hemusphe ‘Te and a hemisphere filled with 1 rilliant shnacle 
green Hen WIEN 3 BO (] <-ray production, After such a tube has beoun 
io WOrk properly the anode and anticathode may be found to work 
very nicely when reconnected. As intimated above, there are several 
other causes and as many remedies for this troublesome condition. so 
that this disconnection of the anticathode is not always the thine 
needed. ’ = 

The fine of demarcation in an z-ray tube may be displaced forward 
by introducing a spark-gap in the circuit. Charbonneau.' who called 
attention to this fact, finds that the displacement is the same for any 
lencth of spark from 74, mm. up. He finds the same amount of dis- 
placement, no matter whether the spark is on the line leading to the 
anode or the cathode of the tube. 

Charbonneau finds that the degree of penetration is reduced 35 per 
cent. by any spark-gap, however short, on either line. ' 

A perfectly contimuous connection must, therefore, be made without 
the smallest spark-zap between the poles of the z-ray coil in order to 
secure the maximum field and the maximum power of radiation. 

Charbonneau attributes this effect in part to the entrance of hydro- 
gen into the z-ray tube by electric means. The hydrogen is supposed 
to arise from the electric decomposition of watery vapor present In 
the atmosphere. He puts this to practical Me I reducing the vacuum 
in an z-ray tube which has no regulator. The connections are made 
in the regular way except that there is a small spark-gap on the ine 
leading to one pole of the coil. A moderate current allowed os flow 
through the tiuhe ior half aq hour results in ma material reduction oo the 
degree of wacnum #5 indicated by the Ssplntremeter and the Benoist 
rachochromometer. | i 

The “heawy anode” (more properly “heavy anticathode”) Gundelach 
tube is an excellent one, the glass being of the very best quality for z-ray 
work, the osmo-regulator being first class, and the soeio being 
shaped like a horse’s hoof and presenting such a large mass of metal as to 

stand the heaviest current without fusing. (Fig. 472 shows such 3 tube.) 
There is no perfect z-ray tube, however, and one of the drawbacks of this 
tube is that the shadow of the anticathode is thrown in the direction in 
which the picture is generally taken. This is duc to thefact that - : ~~ 
is placed behind the anticathode, whereas, in most other tubes, t ree 
is in the long axis of the tube and the stem of the anticathode ee 

backward nw that. the shadow of the anticathode does not fall in front 
of these other tubes. Another imperfection Is shared by all | heavy 
anode" tubes: the great (mass of metal liberates so much gas that the 

i Le Radium, Sept. 15, 1905. 
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tube becomes temporarily useless the Moment tt gets very hot. Some 

. i _ = = To Pit » By nl 
of the authors best radiographs have been mud pact ve ‘a 
but it has seemed to him that this type of tube ts a litth 


lf it 1s not im just the condition 


rl ikem tute ot 
this typ, 
more difficult to use than some others. — ; seats paps eect) ; 
required, it requires all the skill a nd ferret neg tii bo acyust he 
It has an osmo-regulator, a thin metal tube, looking hke a wire, which 
when heated by an alcohol lamp permits hydrogen gas to pass through 


its pores and thus lowers the vacuum | Fig. 473). Hanging a cuff of plat- 


Fig. 472.—trumlelach heavy anode tube. 


Inum over the o¢mo-reculator enables one to raise the vacuum (Fic. 474). 
For this purpose a loose cuff of platinum is put over the platinum tube 
and 1s heated on the outside by an alcohol fame. The heat must be 
intense enough to make the inner as well as the outer tube red hot ancl 
consequently porous to hydrogen gas. The excess of gas in the z-ray 
tube escapes through the pores in the small red-hot platmum tube. — 
A special lamp for heating an osmo-regulator bas been devised by 
Paquelin, the inventor of the celebrated thermocautery which bears his 
name. By an arrangement of hand- 

bulb and container full of naphtha, 

benzene, or gasolene a jet of carbu- 

retted air may be ignited and when 


Fig. 473.—Villard’s osmo-regulater lowering Fig. 474.— Raising the degree of vacuu 
the degree of vacuum. 


directed against the osmo-regulator produces the desired effect very 
rapidly. As in the case of the cautery. the lamp remains in full blast as 
long as the current of air is kept up by squeezing the hand-bulb. It is 
. ? lmportant never to lower the vacuum to too great an extent. If 
the vacuum is only a little too low it can readily be brought up by run- 
ning the tube for a few minutes with a reversed current. A tube in 
which the vacuum has become too low from overheating by the cur- 
rent usually returns to its original condition if simply allowed to 
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uit pictures are to be made in rapid succession. 


“hight anode” Gundelach fwhe is one of the hee 

is all neh for the lichter work in raciography. such ‘cn 
non-union after fracture of the radius and ulna, It has the oem. 
regulator lhis tube does not lose its derree of vacuum like the “ 7 =m & 
anode" tube and can be run for pictures or treatment hogan 
eathode red hot. Care must be taken not to burn a hole throuch th 
platinum disk by overheating. rat 

Tungsten Target x-Ray Tubes—The author's tendency is to use 
“heavy anode” tubes altogether for radiography and radi therapy, and 
since its discovery the tungsten target has been exclusively adopted. 
Tungsten has a melting twice as high as that of platinum, and if the anti- 


Pig. 475.—Tungsten target r-ray tube. 


cathode consists of about 4 pound of copper into the face of which a 
button of tungsten is electrically welded it is practically indestructible. 
Very satisfactory tubes of this kind are to be had from any of the 
American z-ray tube manufacturers. They should have-a regulator for 
reducing the degree of vacuum. 

Tubes with the type of regulator found on this one may be used with 
the regulator so adjusted that the wire of the reducer is a measured dis- 
tance from the negative tip (Fig. 476). A portion of the current will 
leap across this space if the resistance in the tube rises and in this way 
gas will be liberated and the vacuum reduced. Acting as an automatic 
governor this will prevent the vacuum from rising above the level de- 
termined by the distance at which the wire is placed. For radiography 
such an arrangement is not entirely satisfactory and fortunately we are 
able to dispense with it. 

A small pledget of cotton moistened with water is employed in the 
regulator of a tube recently constructed by Dean, of London, and Ber- 
lemot, of Paris (Fig. 477). | 

The regulator is a separate portion of the z-ray tube with which 4 
communication is established by turning a stop-cock. Watery vapor 
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Fig. 476 


—=The Queen self-regulating x-ray tube. 
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Fig: 477.—X-ray tube with aquequs vapor regulator, 
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. £75.— Water-cooled z-ray tube of the Miller type. 


are made by all the firms mentioned above, they are expected to stand 
the heaviest currents, and when in working order produc e beautiful 
pictures. They are so difficult to keep in the best condition, however, 
that at the present writing they seem hardly to be recommended. 

Other tubes are made in which the reduction of vacuum is produced 
by heating a prolongation containing potash or by p: weing a spark 
through it. In Thompson's automatic reculaung tube this spark passes 
to the wire which leads into the prolongation containing the potash 
whenever the vacuum reaches a certain degree of resistance, as deter- 
mined by the distance at which the wire is pl: acect. 

The Voli-Ohlim twhe has the secondary anode 1 in a bulbous expans 10n 
of the positive prolongation of the tube. It is made with or wit hout a 
regulator and the latter may be set to act automatically. [t is also 
made with different weights of anticathode and is in every way 4 first- 
class tube, 

The bario vacwum tube has the spar k- rap leading to the reguls AtOr eli- 
closed in hard rubber to conceal the Spi irk and reduce the noise, and It 
may be set to act automatically at any degree of Vacuum. : 

‘Other tubes are made with a valve arrangement by which air may be 
admitted and the vacuum lowered. 

Still others (Friedlander) are made with an adjustable focus operates 
from outside the tube by means of a horseshoe magnet. -\ heavy cur- 
rent focused upon a very small spot will fuse the platinum, while this 
would not happen if the focus were less sharp. amar 

The regulating tube of Queen & Company of Philadelphia 18 con- 

i 
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stricted on the same principles, but, as will be seen from t! 
on a little different lines from the regulating tubes 
Miller 

Tubes made with an automatic regulato 


Company, may be nun continuously for a long tu 


tube has a tendency erther not to change in vacuum 
toward a higher degree of vacuum with the strength of 


employed. The regulator 1s set at such s POInt tna 
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eh in tink fobe arch lower the WACLULM Ci the pare 

3 a certain loss of raciance during the action of the a 
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seconds is the Dropper time for certain pictures, but this would 


Fig. 479.—X-ray tube with interior filter. An shandoned model. 


long enough if a powerful spark were leaping across to the automatic 
regulator all that time. 

Helhum Gas in z-Ray Tubes.—The mineral cleveite if purified over 
calcium and carefully dried gives out helium gas when heated. 

_ The purest channel rays or positively charged particles are obtained 
in a Crookes’ tube containing practically pure helium gas. 

onook has patented an z-ray tube in which the regulator consists of 
4 portion of cleveite which, when heated by passing a spark through it, 
liberates helium and so lowers the degree of vacuum. The claim is 
made that such an x-ray tube possesses the property of giving out rays 
Of a higher degree of penetration with the same medium resistance and 
other electric constants than tubes which contain other gases. The 
author has not been able to note very much difference, but the tube is an 
excellent one. : 

A-ray tubes with an interior filter’ are provided with an arrange- 
ment for arresting the cathode, soft z-ray, and secondary rays. It 
allows the exit of only the direct z-rays which radiate from the point 
of impact of the cathode stream upon the anticathode (Fig. 479). 


‘J. Hosenthal, Phys. Zeit., No. 12, 1006. 
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the accessory electrode with the cathode and using a weal 
“‘itlard abandoned the idea heesuse the absorpti moor lherat 0 

of molecules of gas was not abundant enough for practical Pur OSes, 
High-frequency w-Ray Tubes.—The tube reterred to may not tee 
entirely original with Machlett & Son of New York, but they have made 
it 30 that it 1 cs Very 70d results. The new teature is the « onstriction 
of the accessory anode m the form of an aluminum concave mirror like 
the cathode, but not quite so large. Cathode rays ansing from this 
acecessory anode are focused into a funnel upon the back of the antt- 
cathode which prevents the z-rays produced by mverse discharge from 
reaching the field to be radiographed. The accessory anode may be used 
as the only positive terminal of the tube with the expectat ion that most 
of the z-rav from inverse discharge will be suppressed. This sarrange- 
ment makes the tube work excellently with a direct current induetion- 
coil which is giving a great deal of inverse discharge and also with a 
Tesla or high-frequency transformer which gives practically an alternat- 
ing secondary current. The tube so connected mav be used with a Cald- 
well interrupter upon the alternating electric-hght circuit. The authors 
use of this tube has been with a 12-inch induction-coil, Wehnelt interrup- 
ter. 110-volt direct current, 18 amperes primary current, and with such 
a degree of vacuum that the secondary current ts 8 milliamperes. Both 
the accessory anode and the anticathode are connected with the posi- 
tive wire from the induction-coil. The exposure for a radiograph of a 
hand or of the tecth at a distance of 16 inches from the anticathode 
to the plate is five seconds or less; and for the anteroposterior radiograph 
of the frontal sinus at a distance of 25 inches the exposure is thirty 
seconds. The latter exposure is correct for the abdomen or hip, but is 
somewhat too long for the chest. With the tube in this condition we 
Gnd that the first fifteen seconds are characterized by the presence of & 
steady apple-green fluorescence and a sharp dividing line in the tube, 
and a direct secondary current of § milliamperes. After the first fitteen 
seconds, however, the meter suddenly shows the presence of an inverse 
current of 10 or more milliamperes and the tube loses 11s sharp dividing 
line and much of its brilliant fluorescence. A very effective -ray © 
still being produced, though not quite so good as at first. The presence 
of such an amount of x-ray from inverse discharge would produce a very 
bad effect upon the radiograph if a diaphragm and cylinder were not 
used to cut off all the rays except those radiating from the anticathode. 
Such a tube regains its original condition in a minute or two and in 
some cases where thirty seconds excellent radiance are required it will 
be found best to turn off the current at the end of fifteen seconds and 
then to give the remainder of the exposure later. The author does not 
generally have to resort to the Various devices used to suppress the m- 

verse discharge, such as spark-gaps and ventril tubes. 3 
The antieathode in this tube is of the type of the heavy anode 
Gundelach tube. It is a heavy piece of copper shaped like a horse's 
| Exposition de la Société Francaise de Physique, April, 1907. 
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It must not be imagined, however, that this or any other ty pe of 
tube may be expected always to be in a condition to give the best pos. 
eihle results as above described. Such a tube a8 WE are deseribine 
may be found to produce these results when it is first purchased, and 
if it is used only for radiography; and only with the specified strength 
of current and length of exposure It may remain In this condition for a 
ereat length of time. Another tube of the same type may prove dis. 
appointing at first and may gradually work into a desirable condition. 


The whole process of regulation takes half a minute or Jes 
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Fig. 480.—The Tousey single-focus radiographic z-rav tube. 


while others mav reovire ie 
pleat aa tea tt to be pumped Out, exhausted to different 
“Pi - ree enti 4 number of times before perfection is obtained. 
autho. eRe ager = em that every x-ray tube of every type in the 
shavlstebe ss eae as been pumped out several times. A tube which is 
to work. sath noe ane which has not been abused will eventually cease 
A new ealetae Siegen the Vacuum regulator becomes exhausted. 
the tube the lat ein then be introduced and as this involves opening 
maker Shes sage of course, be reéxhausted. The same tube- 
of Vacuum Fhe echo dasa arone, he, of course, knows to what degree 
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radiation as any large tube, but a much smaller = if clase to emi} 
aeecondary raves. This small bulb h: 
are made of lead glass practically opaque to x-rays, either direct or 


secondary. scar the extremity of one prolongation is placed the eath- 
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ode for which there 1s not room in the small bulb because it must he 


placed di distance from the anticathode, besarme: ai certain relation to the 
voltage to be employed, Another prolongation from the small bulb 
transmits the stem of the anticathode. The uninsulatedd weala Lae and 
negative terminals of the tube must be at such a distance from each 
other that there will be no sparking between them or from either of 
them to the opposite electrode inside the tube. The latter occurrence 
would cause a puncture. By another prolongation the small bulb 
communicates with a larre bulb of lead glass, “This acts as a PeSCTy Or 
of rarefied gas and prevents the rapid change in vacuum which would 
occur from the passage of a heavy current through a small tube. The 
vacuum regulator and the accessory anode are connected with this large 


bulb. 


rs free toreer 


Fig. 451.—The Tousey bifocal radiographic tube. 


The small bulb of soda glass permits of radiation of direct rays from 
the focus im every direction im front of the plane of the anticathode or 
almost a hemisphere of illumination. ‘This is a great advantage over 
a large tube of lead glass with a small window of soda glass, which, while 
it may afford an equally small area for the radiation of secondary rays, 
sives only a very limited angle of divergence of the direct rays, and 
requires either that only a small picture be made or that the tube be 
placed at a great distance. ie 

The single focus typ is preferable in every ease in which a unidirec- 
tional high-tension discharge can be obtained as with an induction-coil 
OF 4 static machine or a direct current step-up rotary transformer, or 
an alternating current step-up transformer with some kind of a rectifier. 

The Tousey Bifocal Radiographic Tube (Fig. 481).—The anticathode 
if Wedge shaped co as to present surfaces of contact for cathode rays 
from two different directions, and these rays are focused quite near the 
angle of the wedge, so that the two points from which the direct z-ray 
radiate are as close together as practicable. The larger bulb and the 
different prolongations are made of lead glass. There are two regular 
cathode concave disks at opposite extremities and to these are attached 
the two terminals of the Tesla coil, or the step-up transformer or other 
source of high-tension alternating current. Neither wire is attached 
to the anticathode. At each impulse in one direction the concave 
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disk electrode at one end is the cathode and concentrates 
Stream Upon the nearest suriace 
tume the opposite concave electrode 
impulses in the opposite direction 
eathode. Direct rays thus arise [rom t 
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he two foci in the Tousey bifocal radiographic tube are pear} 


Fic. 482.—A-rays trom 1 
peureal bell. 


Separate images. but if the foci are near togct her the images will Dracti- 
cally coincide. Fig. 482 rather underestimates the approach to par- 
allelism between the direct rays from the two foci passing through any 


object (a). 3 : ; 

The nearer the object is to the plate the less is the blurring effect. 
and if the object is half-way from the plate to the anticathode its two 
images are only as far apart as the two foc. 

Whether the tube shall be provided with accessory anodes to be 
connected with the two concave electrodes 1s a detail to be worked out 
by each constructor. The small bulb-alone radiates secondary rays, 

and it 1s so small (only an inch or 
two in diameter) that these rays 
do not blur the image produced 
by the direct rays. 
The object of the Sinclair 
Tousey x-ray tubes for radio- 
graphy is to secure the unproved 
definition which is obtamed by 
the use of a diaphragm with the 
increased range of illumination 
produced by the author's radiat- 
ing cellular diaphragm, but with 
Fig. 453. —Endodiascope. the great additional convenience 
page of being able to dispense with 
diaphragms altogether except when simple protective ones of very easy 
adjustment are required. 

ye a oeaecop e.—A Tube which May be Placed Inside the Mouth 
piso oat hese Racnotheroyy — ihe tube (Fig. 483) has the 
plécGria wosectaan ae or a prolongation. The anticathode has no 
portion outside the me midepende nt of the anode, which Is at a 
pultable fox ase With & 1 UC ISS ee he oar 
aor S ie wip Ee eco aeranch induction-coil, with a primary oe 
fifteen minutes conte sen ee ondary current of $ ma. and will run for 
ISO Br a continuously. The radiograph (Fig. 484), poorly re- 
cop palin aang was made by Bertollotti,! with this tube 
maieiten. é plate outside. The exposure was two 


‘ Arch. d’electricite med., April 10, LM07. 





r cli ected downward. Fic. 484.—Radiograph 


The Glass of Which the thea rar tered ‘eeteds 
a-Ray Tube is Made.—The “OO 


glass is usually German soda elass and gives an apple-green fluor- 
escence when the r-Tay tube 15 In operation. 

Localizing or Safety «-Ray Tubes.—These are macle in part of 
class which contains a large percentage of lead, and which, while per- 


fectly transparent and colorless with ordinary light, becomes a beautiful 


deep blue when the E-Tay tube is in operation. This plass is Vers 
opaque to the z-ray, and all parts of the operator and the patient are 
shielded except opposite a window of soda glass, which forms part of the 


me, ak Ve es 


ace of I-Tays in one direction. Many different 


are: | 


tube and permits the pas 


forms of tubes like this have been made for therapeutic -uses. 


Fig- 5.— W ater-jucket concer-treatinece tube lor ws capecially in the moet um. 


X-ray Tubes Without an Anticathode.—Rontgen’s original z-ray 
tubes were made without an anticathode. ‘The z-rays arose from the 
impact of the cathode rays upon the glass wall of the tube. There were 
two objections to this for radiography: the z-ray radiated from many 
different points of a large surface and hence the shadows were very 
Vague as compared with those produced by rays radiating irom a 
single point: and the glass wall of the tube became overheated if a heavy 
current was uscd. The same objections do not hold as to a tube that 
is used for treatment if the tube can be applied directly or close to the 
tissues and if the current is a weak one. ‘Tubes without an anticathode 
are usually made of lead glass except for a prolongation which 15 to be 
inserted into some cavity of the body, When in operation the main 
portion of such a tube (Fig. 485) lights up with a blue fluorescence and 
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caused ecathade rave, when the current was 
direction, to impinge upon the glass and x-rq 
there. The unipolar z-ray tube devised } 
New York in 1905 (Fig. 486) has the addit 
of 4 concave aluminum mirror as the electrrn le and 
during the periods when the current is in the rirht 
direction this is a cathode and focuses the cath 
Siresm LiEhOT the anticathode which is near the 
applied to the patient. There may also be a pro- 
longation tor i-fay treatment inside the Hose OF any 
other cavity. 
The ordinary bipolar z-ray tube may act as a 
unipolar z-ray tube if the cathode alone is connected 
with the single terminal of a high-frequency apparatus 
a 4-inch effluve. The tube is not to be in contact with 
radiance is sufficient for fluoroscopic work. | 
és.—Pupin exhausted 
cuum and connected the poles of the 
-foil pasted on the outer surface of the 
1 of z-rays took place. 
(Fig. 487).—These tubes are large bianodic 
of very strong intensities and work satis- 
ha Wehnelt interrupter. 
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tion of the equivalent resistance ay] the [ thee 


variation in the equivalent raqetance fives oot 
hardness of the rays in the case of a chromium anticathode t! 
case of a platinum one. Chromium may be platinized by el 7 
well a5 iron, and thus are obtained ToluUmMINoOUSs anticathordes i oe laetin 
platinum anticathodes of the same size, and having exactly the 
properties for Pela CMiSsloOnm cl I-Tays. | : 

Chromium beine hard and brittle and difficult to work, Dr. 

has overcome the dificulty by pulverizing it and agglomerating 
powder by Strone hydraulic Presse, A small quantity ot spongy 
platinum placed on the chromium before the application of the heavy 
pressure enables us to obtain tablets of platmized chromium which are 
hard and resistant enough to take the place of cast metal. The same 
method of arg¢lutinization of metallic powders enables us to get anti- 
eathodie mirrors formed by conglomerates, the surface and the hody of 
which are respectively constituted by substances we know to be desirable 
as anticathocic surfaces or as supports for anticathodic mirrors. 

Guilloz has found that metallic bhydrids, such as barimm or cal- 
cum hydrid, have no appreciable tension of dissociation m_ the 
eathodic vacuum, and that an electric spark or effluve sent between 
two little electrodes made of these hydrids hberates hydrogen. These 
properties allow us to regenerate the gas necessary for the good working 
of a tube which has become too hard. To that effect, part of the 
current is diverted to two small accessory clectrodes contaimed in the 
tube and carrying (either one or both, calcium hydrd on one of their 
extremities. These electrodes are prepared by keeping calctum hydrid 
cylinders in hydrogen gas at 650° C., but not long enough to have 
the metal attacked to the center; if the time of exposure were too long 
the electrode would be tmable. : 

This regenerator is better than that formerly used by Guilloz, which 
was formed by thin sheets between which a spark was sent. The cal- 
cium hydrid electrodes have an unlimited regenerative power. 

The tubes harden in the course of their natural use. They may 
become too soft if too strong a current has been used or too Many sparks 
are sent into the recenerator. In the latter case a food vacuum may 
be restored by sending a weak current through the tube for a long time. 

For a tooth picture or one of a hand any tube will be suitable which 
will give a good brilliant fluorescence in the fluoroscope and whose 
Vacuum can be adjusted for the work in hand, but for the thicker 
portions of the body one of the heavy target tubes 15 always to be 
preferred, and for the most difficult work the operator, of course. will 
use the type of tube which he has found will stand a heavy current 
without marked change of vacuum. : | | 

The Coolidge 2-Ray Tube.'—This is a tube in which there ts practr- 

eally a perfect vacuum. ‘The eathode and anticathode are very close to 
each other, and the cathode, only 4 inch in diameter, is formed of a flat 
spiral of tungsten wire, which, when heated by the current from a storage 
battery, liberates ions, and these carry the current across. The short 
space forms an absolute barrier to the passage of even the highest-tension 
eurrent while the anticathode is cold, but when the ions are liberated by 
heating the cathode a potential of even 220 volts will send a current 
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through the tube, ane, according fo oir Accel} 

extremely soft z-rays. The hotter the enthode i m: 
the rheostat, seo as to send more etorage-battery curres 
more ions are liberated and the more current 18 transmitt 
influence of a given potential. The quantity of z rays pro 
in extent corresponding with the milliarpe rage, but the q 
the same unless the voltage 15 changed Instead ci 2H) 

hight current a high-tension current | rock One of the regular t . | 
generators will commonly be employed and the x-ray s are corresp 
ingiv harder. I purposely use the word sort and hard in this cieserny 

Soft ravs are those of which a large percentage are absorbed by a thin 


nted theory. al 


while only a small fraction of hard rays are absorbed by 


layer of tissue, 
the same obstacle. 
4 large or 4 small focus Sphot. : fe 

This tube represents a very Important improvement in produ cing 
g-ravs of approximately umform quality, which can be regulated for 
various treatment and examimation Purposes, and of an intensity which 
mav also be reculated within wicle hmits. : ) 

Tt presents some striking differences [rom previous z-ray tubes: 
The cathode is hot and luminous. __ : 

W hen actuated by a current ol 2) ma. from AN T-Tav generator the 
anticathode soon acquires a cherry-red heat, with 50 ma. a white heat, 
and with 150 ma. it looks as if the anticathode might melt off and the 
tube be destroved. Bh | eee 

The tube does not exhibit the illumimated hemisphere characteristic 
of other z-rav tubes. This may indicate the absence of the secondary 
r-radiation from the glass wall of the tube, which I regard as the source 
of the secondary z-rays which have a blurring effect in radiography and 
ordinarily require the use of a diaphragm. This may prove of great 
advantage in not requiring a diaphragm. ok 

A tube constructed on this principle is said to arrest inverse discharge 
and do away with the necessity for a ventril tube or a spark-gap. 

The resistance of the tube is liable to drop suddenly under very heavy 
current, but will return to the normal as soon as the current is turned off. 

Experiments by Cole’ show that with a current of 30 ma. and a 
resistance equal to that of a parallel gap of 5 inches, an exposure ol 
fifteen seconds is excellent for frontal sinus radiography; 5-inch parallel 
gap, 100 ma., and .06 second for a screen picture of the stomach: 1; 
to 2 inch parallel gap, 25 ma., and two seconds forthe hand. = 

An experiment by Cole shows that with a parallel gap, 7{ inch, 10 
to 3 ma., 2 total exposure of six minutes, with a screen of 3 mm. of alum- 
ner: there was at 54 inches from the anticathode a surface effect ot 

i., and at the further side of a piece of beefsteak, 2 inches thick, an 
effect of 4 H. 
dis eee Discharge.—Some tubes will show the effect of the inverse 
" ih, rge by lacking the sharp division into a light and a dark hem- 
ticeche and by an irregularity in the ray produced. This inverse 
Saciarge 18 & current produced in the secondary coil by the “make 
In the primary cutrent. Whe - hecins to gh 
the primary coil an indy enever a current begins to flow throug 
and this is co1 a induced current is generated in the secondary eail, 
site directic Lr weaker than the “break” current and in an op 

care ze it. This inverse discharge may not produce a noticea 

ALTE bos Journal of Roentgenology, Jan. 1914, p. 124. 


The tube may be manufactured eo as to have either 
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between thi 

anil hence the dee os 

jultiple spark-gaps is ap] rr aT) 
the current may be made to leap across from one to six or elrh 
gape on its Way to the tube. Tt doubttul whether thie has any 
advantage over the simpler single pap of adjustable distance hke the 
Ome devised by the author. Resicles cutting out the inverse discharce 
which wil seldom leap Across Fi =Ppace of over an inch the spark-gfap has 
a tendency to prevent overheating the tube and enables us to use a 
tube in which the Tacuum 16 a little too low. It does not raize the 
vacuum, but produces a ray of a litthe more penetration corresponding 
to a higher vacuum. ; 

The other special way of cutting out the inverse discharge 1s by the 
use of a ventril or valve tube. This is a vacuum tube of about the 
same size as an x-ray tube and has a regulator for mamtaiming the 
right degree of vacuum. Its positive and negative poles are differently 
shaped. One of the wires from the z-ray coil passes to one tip of the 
ventril tube; the current passes through the ventnl tube and then 
through a wire passing from the other tip to the z-ray tube. This i 
quite a certain remedy for the inverse discharge, but is not an essential 
part of an z-ray equipment. : 
Ventril or Valve Tubes.—One pole of the Villard ventril tube ts 

made of a spiral of aluminum presenting a very large suriace for the 
origin of cathode rays. This pole acts readily as a cathode and the 


ventril tube permits the passage of currents flowing m such a direction 
that this pole is the negative one. The other pole is made of a small 
straight rod of metal almost completely ensheathed m glass and pre- 
senting a minimum surface for the origin of cathode rays. The tube 
will hardly transmit any currents which pass in such a direction that 
this becomes the negative pole of the tube. ee 

If ventril tubes are used two of them should be provided and there 
are several different possible arrangements. One may be connected 


fewl + Cad 


Fig. 468—Single ventril tube connected in series with the cathode of the x-ray tube. 


with either vole of the coil in such a way (Fig. 488 or Fig. 489) that the 
Death dee pele is connected either with the anode of the tube 
or with the negative pole of the z-ray coil. Ora ventril tube may be 
interposed between each pole of the z-ray and the appropriate 
pole of the x-ray tube, as in Fig. 490, taking care to have the correct 
poles of the two ventril tubes directed as specified above. ee 
‘The third arrangement which should be provided for 1s to have one 
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or two ventril tubes placed between the two poles of the z-ray coil, as 
in Fig. 491. During the normal discharge of the coil practically oo 
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Fig. 459 Sincle ventril tube connected in series with the anede of t 


current passes through the ventril tube, but during the inverse discharge, 
when the polarity of the induction-coil ts the reverse of that shown i; 


<—<—— { —— 


ie oe 


_—— 


Fig. 490. —Ventril tubes between Pig, 491.—Ventril tube between the poles 
the poles of the coil and the terminals (the coil. Lwo may be used. 
of the r-ray tube. 


the diagram, practically all the current passes through the ventril tube. 

This occurs because the resistance of the ventril tube to the passage 

of & current in this direction is very much less than that of the x-ray 
tube. 

This arrangement has been 
adopted by Gaiffe for his trans- 
former, which is actuated by an 
alternating current without an 
interrupter. The discharge i 
alternating, the Lmpulses in ono 
tirection pass through the ven- 
tril tube and those in the other 
and proper direction through the 
r-ray tube. 

The Author’s Arrangement 
of Spark-gaps and Ventril 
Tubes.—Each pole of the z-ray 
coil (Fig. 492) has a short metal 
base upon which is secured a 
glass rod about 4 inches long, 

- — J | fo ¢€ ; Wwe Fh = 
Me. 402—Aushors arasgnent of veotil metal attachment for the COM 
of the z-rav tube wee | ducting cord leading to one pole 
aeulatad hasten kc wre 1s a movable metallic roc operated by an 
ae bande which may be adjusted so as to make a direct con- 
hection between the corresponding pole of the coil and the cord leading 
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the cou and cach can be operated independently. The z-ray tube 
mav be connected cin tly with cach pole of the coil, or through a SDark= 


~ : = 5 5 1] ma 2 E 
ont) of oe oS PRE BPP. CF LOO One AT Oth renter | eo 
fap at €1 her or both PO th ot r both ventnl tubes. It is 


also only the work of ad MOmMCcnt to connect one or both of the venitril 
tubes between the two poles of the x-ray coil. 

Ventnl tubes become overheated and break if the current is forced 
through them in the wrong direction. Even in the right direction they 
will not stand the heavy currents often used in radiogr aphy. The auth ir 
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Fig. 499.—Current in proper direction Fig. 494.—Current in the inverse direction 
| through ventrl tube. through ventril tube produces an Increased 
resistance and longer spark equivalent. 
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finds them useful in radiotherapy arranged in series with the z-ray tube 
if the latter shows a tendency to mverse current, and arranged across 
between the poles of the x-ray coil in radiography, but ninety-nime 
times out of a hundred they are not required. : 

A ventril tube used in series with an z-ray tube producing Trays 
No. 4 or 5 Benoist and consequently of proper condition for renal 
radiography should present a pale rose carmune color inside the alumi- 
num spiral, the inside of the large part of the tube should present = 
rose-mauve color which becomes more pronounced toward the cre 
tracted part of the tube and changes to a clear rose color. At the anode 
there is a brilliant pink. In the prolongation into which iss curthe 
spiral extends there should be a faint red, not a green color, while the 
tube is in operation. | er es 

Regulation of a Ventril Tube.—For most purposes 2 ¥ ene sig 
should have a resistance in the proper direction equal to a oe Ee ie 
about 1 or 2 millimeters (Js to 7 inch), while in the eye saben 
its resistance should be from 4+ to 7 centimeters ag we arp mi 
The degree of vacuum is regulated by means of ah cas ee lathe 
in Fig. 493, or in other gests ern Meee 3 papeamatite sa rus se : 

7 1 | ent —Inb ba Mat 
ds ud ae ceenceed of an infusible substance like carbon, 
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connected] with the neutral pnim! 
verted into a unidirectional pulsating one. 
The Ondoscope or Oscilloscope (Fig. 495 
ahout 12 inches long and about 14 inches in diameter, closed at | 


oot 


c 


Fig. 405-- 


where electrodes are sealed in the glass and exhausted i 
decree of vacuum. This is equal to 4 or 4 millimeters of mercury o1 
cure Of ree, OF peice Of an atmosphere. The clectrodes alm 
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- Ts 


* 
| 


in the middle of the tube, coming to within J. inch of ea 
other, where they may be separated by a vertical partitio vl 
porcelain or mica, but in which there is a small central 
partition 1s not necessary. Any voltages above 300 cause 
ight up around the end of one or both of the electrodes. 
does not maternally impede or affect the character of any of th 
tension currents which tt is designed to study. 

It forms part of the circuit which 1s to be tested as to the magnitude 
and direction of high-tension currents. Placed m series with an z-ray 


Fig. 496.—Discharge through z-ray tube and Caldwell-Simon interrupter, 3-cm. spark 
equivalent. 


tube a mass of violet light is seen to surround one electrode, while very 
little is around the other if there is little inverse discharge. Looking at 
the vlolet lirht in a Tay ndly revolving mirror it 13 oer bic consist ot 
separate flashes of light; larger ones in one direction, and alternate 
smaller ones in the other direction. A photograph made with the 
ondoscope (Fig. 496) furnishes a chart which shows the nature and 
direction of the discharges. Leduc and Morin' use the following method 
i making these photographs: A lens is placed near the ondoscope 
in & line with the opening in a diaphragm. ‘The room is absolutely 
dark and a photographic plate is held at such a distance that the mage 
“42 focused upon it. Moving the plate laterally secures a series of 
mages of the successive flashes of licht. 5 


‘Arch. d'electricite med., Now. 25, 1906. 











Fig. 1o7,.—Same 25 Fis. 40. with 1l=-¢m. spark equivalent. 


The Author’s Method of Ondoscopic Photography.—An ordinary 
camera is placed upon a stand upon which it may be turned from 
side to side. It is focused upon the ondoscope, placed in a vertical 
position, before the current 1s turned on. ‘Then the room is darkened, 


the camera is turned to one side, and its diaphragm 1s opened. The 
current 1s now turned on and the camera turned quickly around. Its 
diaphragm is closed a5 500n a5 it has ceomnletely passed the ondoscope. 


SECONDARY BAYS 

These are x-rays, usually of moderate intensity, which arise from 
contact of the z-rays or the cathode rays with any solid or liquid sub- 
stance. They radiate from all parts of the z-ray tube and from every 
portion of a solid or liquid substance traversed by the -rays. Secondary 
rays from the z-ray tube may be called extra ravs. | 
_ The intensity of the secondary rays from different substances has 
been found by J.J. Thomson’ to be in proportion to their atomic 
weights, except in the case of nickel. which is the same as copper in this 
regard. 

Secondary Rays from an Aluminum Screen for Soft Rays-— 
Secondary rays of slight penetration arise from an aluminum s¢ereen 
and are absorbed by the skin and have a tendency to create dermatitis. 
They may be arrested bv covering the surtace of the aluminium Screen 
toward the patient with card-board or thick black paper. 

Derma Rays.—This is the name somet imes applied to secon lary 
rays of slight penetration arising from the impact of the cathode parti- 
eles with the molecules of gas contamed in an x-ray tube or with the 
glass walls of the tube. They are rays of slight penetration and are 
similar to the secondary rays which are cenerated in the skin from the 
impact of the x-rays. They expend all their energy upon the skin; 

St Prog Comb. Phil Soc., val. xiv, 1907, p. LO. 
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495.— Experiment inhalation. Filmup. See text for different substances overt 
BL Under the plate, outsicls ope its light pro -envelopes. 


Figs. 498 and 499, made by the author Dec., 190-4, show the results. 
‘ pair of shears were laid upon a photographic plate enclosed in black 
cc) Pane envelopes, In the first the Alm side of the nlate was Up 
and In the other it ras down. In Fig. 498 a certain part of the 
plate had « sheet of glass over it and wood under it. This part of the 
plate was least acted upon by the z-ravs. The other two portions of 
this plate were more acted upon. One had wood under and nothing 
but the paper envelopes over, and the third part had sheet tin under 
ariel nothing but paper envelopes over. The plate with the film sie 
dow fi (Fig. Ay showed the legst eect from the r-rays at fA portion with 
ee ORRIN over, The next to the least effect was where 
4 as iead under and nothing over, and the greatest effect was 
WEES there was wood under and nothing over. 
Courtade's experiments,' with tin, lead, copper, and aluminum placed 


i J —_ ul j a a : ". " iP 
Bulletin offic. de la Societe francaise d'electrotherapie, Feb., 1906. 
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Fig. 499.—Experiment in halation. Film down. Djfferent substances overt and under 
the plate outside of its light-proof er e hope. 


degree of opacity is almost directly proportional to the density of the 
different anticathodes. The theory is advanced that the z-rays arise 
partly in the deeper layers of the anticat hode and undergo a certam 
filtration in emerging from it, so that the rays which radiate from WU 
are largely those to which the part icular metal is especially [ransparcnt, 
Lead transforms x-rays into more absorbable z-rays- Aluminum 
does not: hence a lead and an aluminum sereen are more opaque 
than an aluminum and a lead one. Obzervations throw doubt upon 
this. 
This is true of polonium rays, but hardly demonst rable with radium. 
Diaphragms for the Suppression of Extra Rays.—Kays originate 
from almost every part of the tube, and cause the image to be slightly 


P i Arch. Rontgen Ray, No. 93, April, 10s. 
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according to the necessities of the case. It may have the 


complicated arrangement called the iris diaphragm, by 
the open ing is varied from the largest to the smallest I} 
motion of a dozen different sections and the opening 


circular. 
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MM anufacturing Company} 


An ordinary « diaphragm which I find very satisfactory is that 
furnished by the 5 rtediander shield. This 3 iz a case which extends about 
two-thirds around the z-ray tube, and is made of felt lined with white 
lead, which is OPAQUE TO the x- ravs. There is an opening opposite the 
anticathode to allow: the exit of Tays emerging at a right angle to the 
long axis of the tube. The opening is at a distance of 4} inches from 
the anticathode and 13 24 inches in diameter. It m: iv be reduced in 
size by the introduction of emaller diaphragms or of tubular prolonga- 
tions which can be introduced into the mouth, rectum, or Vagina, anc, 
ol COUTTS, Aare especially Intended for treatment. The f-rav tube 12 
cecurely fastened in the Friedlander shield and there is a stem to the 
on by which it m ay be secured in any desired position by the r-ray 
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‘riediander shield affords all Poquisite protection for the patient, 
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but does not shield the operator from the continued effect. of the second- 
ary raves arising from the uncovered part of the tube, 

” The Ripperger shield is an opaque box weighing 60 pounds and large 
enough to completely surround the z-ray tube, and affords entire pro- 
tection except from rays emerging at an orifice which can be varied in 
size by the application of cylinders from 1 to 9 inches in diameter. Ii 
Is suspended from a sort of gallows Onn wheels, so that it can be adjusted 
at any height above or below the patient and send the rays in ANY 
desired direction. 

Similar shield boxes have been used by Albers Schonberg and 
others. but the mounting of this one renders it the most convenient oi 
all. 

Bergonié’s' method of protecting the operator from the z-ray by having 
the tube close to the floor, so that the operator Is above the plane of the 


Fie. 501.—Compression evlinder and diaphragm. 


anticathode, is insufficient. It is true that very few 7-Tay! Ne 
from the back of the anticathode, and that for a single exposure 4 


person is amply protected if he is behind the plane of the anticathode 
anil consequently is not exposed io the chrect rays. There sects pity: a 
extra rays arising from the illuminated surface of the tube ant ri 
from other parts of it and from every part of the room. Sette 
repeated exposure to these indirect rays will surely injure the operato 

sooner or later. = 3 Hi (Fie. 501) 

Albers Schinherg’s compression cylinder and diaphragm (Fig. OW" 
has a tube of brass lined with sheet lead cither 4 or 5 inches in diameter 
and 4inches long. ‘The x-ray tube is held by clamps over 4 cinphrees 
of lead 14 millimeters thick at the upper extremity of this a ‘ 
the lower end of the cylinder rests upon the surface of the body. There 
tC. R. de Acad. des Sciences, 140, 1566, June 5, 1905, 
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are supports by which the apparatus 1s fastens 

the patient lies, and clamps and levers by means of which 
end of the cylinder may be pressed firmly against the hoc: 
exactly the best direction. It serves to keep the part motin; 
in the cA ot the i lio oy ankle, ana In acidition ro dimini Ht] 


ness of tissuc in examination for renal caleuli and other radiqers,, 
of the abdomen. The effect of the cylinder is to cut off the extra 
from a large part of the z-ray tube, depending, I think, chie#, 
he position of the diaphragm at the upper end of the cylin 
only direct rays that can reach the plate are those ombrac 


e 


lines passing from the focus to the opposite sides of the me 
but these direct rays would require no diaphragm or evlip 


all. The object is to cut off the indirect rays, and as regards then 
the diagram of Albers Schonberg is too optimistic. My own di: | 

show, I think, that secondary rays reach every part of the pla be a: 
braced by the widely raciatmg lines (Fig. 509, 6). and that the imace 
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of a point p (Fig. 509, c) consists of the pomt produced by the dire, 
ray obscured more or less by a penumbra from extra rays embraced 
between the two dotted lmes. The amount of penumbra about 
eh Pome of the imare produced by the curcet focus it is the 
whether the diaphragm is supplemented by a eylinder or not. and js 
regulated by the size of the orifice in the diaphragm nearest the x-ray 
tube. The two sizes recommended by Albers Schonberg for it| 
the two different sized cvlinders are 1 inch and 14 inches in diameter 
The diameter of the picture is 4 or 4 inches with the smaller diaphragm 
and 5 or 6 inches with the larger. All these facts are recognized by 
Albers schonberg, showing the impossibilit y of obtaining theoretic per- 
fection In the radiograph, but do not at all impair the value of the 
compression cylinder in cases where the lesion can be so definitely 
located that a picture 5 or 6 inches in diameter is large enough. 

The Use of Loofah Sponge with a Compression Diaphragm.—tThis 
fibrous material can be made up into a hemisphere about 6 inches in 
diameter and should be covered with linen. Placed over the kidney 
region and pressed upon by the compression cylinder 1 displaces some 
folds of the mtestine and empties others of their contents. The pressure 
also renders the tissues more or less anemic. and in this way aids in the 
production of a clear picture. This material is suggested by Strater.' 
It may also be used with the author's board compressor. 

My own observations coincide with those of Albers Schonberg, that 


& 
| 


the diaphragm, with or without a cylinder, limits the focus rays strictly 
to those which are to form the 5- or 6-inch picture; and that m pictures 
through great thickness of tissue the secondary irradiation from the 
tissues 1s in this way very much less than if direct rays were shining 
through all the neighboring parts of the body. The secondary my= 
from the glass walls of the tube are probably all absorbed in passing 
through the tissues, co that his diagram may represent more nearly cor- 
rectly than mine the condition which actually occurs in a picture through 
the body. My diagrams show what would be the result in taking 9 
picture of objects at a distance from the plate but without much of 4 
mass of tissue. The chest with the air-filled lungs would be such a case. 

A small diaphragm, made of non-conducting material, so that rt may 


' Zeitechrift, Feb., 1908. 
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be placed circet ly in contact with the class wall of thie 
mve a conparatively wide angle of illumination, 3 

The present author prefers his own board-compressor, ' 
ani air-filled rubber beg OF & COMmpreszion bene i Peers 
the thickness of tissue and for immobilization of the part 
full-sized picture to be made, and will be deseribed in ¢ 
discussing the radiography of renal calculi. 

Cole’s observations’ upon the secondary rays from an +-ra+ 
Are important enourch LA be stated even the present author cloes 
entirely agree with them: 

1. A new tube generally does not give good radiographs, no mat 
what type of apparatus is used to excite it. 

2. This does not dey yericl excentially on the degree of VAClulim. 

3. A well-made tube ts easily brought to a stage where it will make 
a good picture if this seasoning is done gradually and carefully. 

4. As it Improves in radiographic quality its vacuum is better 
maintained. 

5. After considerable service it 1s found difficult to lower the vacuum 
in the tube. 

6. A stage is finally reached where one might suppose that the tube 
would soon be entirely unserviceable. 

7. The tube is then in the best condition for radiography and will 
produce good pictures for a long time to come. 

S. The dark color of the glass wall of the tube 1s, according to Cole, 
not due to a metallic deposit, but to a chemic change in the glass 
similar to that occurring in tubes containing radium. 

Edema of the Tissues as a Cause of Lack of Definition in Radi- 
opraphy.—Radioeraphs of an injured elbow show the bones very 
much more clearly if they are taken before swelling sets in or after it 
has subsided. It would seem from the appearance of such a radiograph 
that the fluid must disperse the rays to a great extent, and not merely 
impede their progress along straight lines. Lichtensteins experiment’ 
in making a radiograph of an iron bar in a jar of water demonstrates 
this fact. The same author attributes the unsatisfactory results m radi- 
ography of the fetus in utero and in certain cases of calculi to the pres- 
ence of the liquor amnii in the first case and of urine in the second. 

The following experiment by the author shows that secondary rays 
arise from various parts of the z-ray tube besides the direct rays from 
the anticathode. This is in spite of the supposed unidirectional char- 
acter of the discharges driven through the tube by the state machine: 

A silver dollar was held up near to an z-ray tube actuated by & 

static machine, and looking through the fluoroscope a ten-cent piece, 
held in the shadow of the larger coin, could be seen perfectly well, unless 
it were held very close to the dollar. Enough z-rays passed around 
the edges of the silver dollar to illuminate the space, which would have 
been in absolute shadow if only the direct rays were present. 

The same result is found with an induction-coil and either a W ehnelt, 
Caldwell, or mechanic interrupter. It is found whether ventril tubes 
are used or not, and arranging them im series at one or both poles of the 
x-ray tube or in shunt or parallel between the two poles does not prevent 
the same effect. 

1 Arch. of the Rontgen Ray, No. 53. 
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large field for radiography | ease ty. 
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visible, 1s shown by the fact that when a larg 


the silver dollar the penn, 


Seq TO he visible. “T p 
¥-rav Filter or Screen for Soft Rays.—The author attaches 


creat importance to the screen for protecting the skin from the less 


which 100 square inches weigh an ounce. A sheet of sole-leathe 
is still better, and the author employs it tor every ra hiographic 
and most therapeutic CXPOSUreS- Experiments show that its absorb- 
ent power is equal to that of about 1 inch of flesh, and with a very 
soft tube practically all the rays are arrested, as they are mostly rays 
of little penetration. With a tube of medium vacuum, the rays of 
little penetration are practically all arrested, while those rays which 
will penetrate several inches of flesh all pass through. This screen 
eovers the orifice in a Friedlander or Ripperger shield and enables the 
tube to be brought much closer to the surface of the body than would 
be safe without it, and arrests most of the extra rays arising from the 
tube. It is a necessity for cases in which the object of interest is in 
a thick portion of the body or head, but is very close to the plate. 
Ordinanly the z-ray tube must be at such a distance from the plate 
that the image of the portion of the body nearest the tube is almost 
as dense as that of the object of interest, unless the latter is very close 
indeed to the plate. Ky means of this screen the anode is sometimes 
brought withim 5 inches of the surface of the head or body, and the 
disproportion between the proximal and distal images becomes very 
great both in size and density. The case m which I find it most useful 
is In radiography of a fracture of the skull or in mastoid disease. In 
either case the image of the part of the head nearest the plate is clearer 
and the amount of exposure to the z-rays less than in the other way 
with the tube at a greater distance. Some other applications of this 
screen will be described in discussing the radiography of special regions. 

The use of an aluminum screen for the purpose of protection from 
t-ray burn has not obtaimed very great favor, but probably the proper 
thickness to secure equal absorption would be efficacious in the author's 
screen forsoft rays. A piece of ordinary thick sole-leather, as suggested 
by Piahler, serves admirably. 3 

There is a further reason for the use of the author's sereen for soft 
rays in the fact that the various methods of radiometry do not enable 
us to determine the quantity of soft rays sent out by an z-ray tube, but 
practically only the amount of hard rays. This is the explanation of 
& hard tube occasionally producing a greater cutaneous reaction than 
would be expected even from a soft tube. Benoist’s radiochromometer 
and the author's fluorometer show very plainly the amount of the 
penetrating rays, but with a certain amount of these rays the amount of 
the less penetrating rays will vary between very wide limits. This is 
notably true when a coil is used, owing to varying conditions in the 
interrupter, the tube, and elsewhere: it is not true to such an extent 
of the ray produced by a static machine. The screen for soft rays 
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t 
is desirable to bring the tube ite close to the surta: 


must be a powerful one and the vacuum medium. 

There is one danger in the use of the x-ray to which attention may 
called ““T this pla at has heen noted, that wit ate tuhe 
eonsiderable distance from the surface of the body, the z-ray appears 
to act upon the deep tissues equally with the superhicial tissues, and in 
treating a CAaAnCEr of the bri St Gi neriostitis of the ribs has been excited: 
eo that with the tube at too Preat a distance the less penetrating ray 


reach the body with grestly diminished power, aside from their natural 
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Fiz. 82.—The author's radiating cellular diaphragm used with th Rippers 
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divergence; while the more penetrating rays have suffered little = of 
power from traversing the air; and any des ired effect producer by 
the superficial tissues under these conditions will be accompanied 2 
an almost equal and, perhaps, undesirable effect on the deeper copies 
This observation is of especial importance In radiotherapy, but muse 
be borne in mind whenever the human body is subjected to the action 
of the x-ray for either examination or treatment. Sears, Se 

As far as possible the important particulars of every Tadciograph Ps 
this book are given. Neither in these nor in any ot her cs taken DY sis 
author, or under his direction, has there ever been any burn or indice 
redness at the akin. anc never any evidence ot Any Of her undesirable 
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author that the hundreds of hours which he and others hav 


experiments with radiographs of inanimate obj: cts, anc 
apparatus and technic, will afford somet hing of a guide to other 
“The use of the author's screen for soft rays with l| 
Ripperger shield enables one to take a picture safely, does av 

’ very much reduces the amount of seec 


extra ravs from the tube, 
radiance originating in the tissues, and almost entircly prevents the 
access to the plate of secondary rays from the VAarlous parts cl thu Coon 
by suppressing the general diffusion from the z-ray tube. Pfahler’s 
leather screen 1s usually employed. 

X-ray Stand, Protective Shield, Diaphragm, and Cylinders Used by 
the Author.—This apparatus is made by Wappler, of New York, and 
the idea has been of gradual development. The tube is contained in = 
wooden box, coated on the inside with a sufficient number of avers of 
lead oxid to make it so opaque to the z-ray that no light can be seen in 
a fluoroscope held close to the box. Metal cylinders enter the box at 
the two ends and embrace the cathode and anode prolongations of the 
z-ray tube, and are adjustable so as to bring the focal point of the anti- 
cathode directly in the axis of the diaphragm. LE lectric connection is 
made by springs enclosed in these metal cvlinders pressing gently against 
the terminals of the z-ray tube, while the conducting cords from the x-ray 
coil are attached to the outer ends of the metal cylinders. A number 
of lead-glass windows permit of observation of the tube while in opera- 
tion. The box measures about 2 feet long, 1 foot hich, and 11 inches 
wide; there is an opening 4 inches in diameter in the bottom of the box. 
and to this may be fastened a diaphragm with cross wires for prelimi- 
nary use in placing the focus of the tube exactly in the axis of the dia- 
Phragm. After this adjustment the cross-wire diaphragm may be 
removed, and either the simple 4-inch diaphragm may he used or a 
cylinder may be attached. The different cylinders are 7 inches long 
and are 1, 2, 3, 4, and 5 inches in diameter, respectively. They are 
made of thick zinc, a metal almost as opaque to the z-ray as lead and 
more rigid than the latter. 2 

The box as above described was suggested by Dr. Ripperger. It 
weighs 60 pounds and is held by a stand which permits the box to be 
turned in any direction, to be raised or lowered, and moved forward 
or backward. The tube stand is of the model suggested by Birckner. 
It is of wood and rests on a broad, flat tripod: a horizontal arm holds 
the box, and can be moved back and forth by turning the knob of a 
rack and pinion. This is useful in adjusting the tube for radiotherapy, 
and especially for stereoradiography. ‘The weight of the box and hori 
zontal arm is counterbalanced by a weight, like a window-sash weicht,. 
which slides up and down in one of the hollow wooden columns of the 
stand. 

An improvement by the author allows of regulation of the degree of 
vacuum without opening the box. Two brass knobs, 6 inches apart on 
the outside of the box, are connected by springs, one with the cathode ter- 
muna and the other with the regulating device of the x-ray tube. A 
flexible wire 1s fastened to one knob, and may be bent so as to make a 
direct connection or a short or a long spark-gap between the regulating 
knobs. ‘The entire apparatus weighs about 150 pounds, but it has rollers 
which enable one to push it over the floor. It costs about $100. 
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In an ordinary tube stand. 
A diaphragm, D—D, of material which can be appl 
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Fig. 503.—Flexible contact diaphragm, forming protective shield with openings of varvous 
Pe 


Tea ot Ulwmination upon the photographic plate than fi diaphragm, 
D'—D’, which must be placed at a distance from the tube (Pig. 5M). 
The same illustration shows the smaller area of the tube from which vaga- 
bond rays may pass through a point X. ‘There 1s consequently very httle 
blurring of the image as compared with that which w ould occur wil h a 
diaphragm placed at a distance from the wall of the tube (Fig. 509), 
where the opening in the diaphragm is large enough to ive the sain 
area of illumination. To secure equally good definition with a dia- 
phragm at a distance, it would be necessary to reduce the size of Its 
opening (Fig. =e} to that embraced at the level, [y —D , between the 
dotted lines passing through X, and marking the limit of the openmg 
in the contact diaphragm. The opening in the diaphragm, D-DY (Figs. 
54 and 505), may be the opening in a plane diaphragm or the Proxi- 
mal opening in a conic or in a cylindric one. The best effect with the 
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latter. of course, is obtained when the proximal opening is reduced by 
a plane diaphragm #0 as to really secure the benefit of a conic shape, 

It seems from the foregoing that the diaphragm applied directly 
to the wall of the tube enables us to secure a wider field with equal 
definition. In actual practice a 3-imch diaphragm allows the radiograph 
to cover the whole of a 14™*17-inch photographic plate, 22 inches from 
the anticathodle, anc shows both kidneys, UTeters, t hve blacker. arc Dros- 
tute: and a l-inch diaphragm embraces the entire pneumatic SINUS ares 
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Fig. 04.—D-D, Tousey'’s contact dis- Fig. 505—Large opening and greater 
fhragm; smaller opening and much less amount of blurring with ordinary din- 


Hurring than With ordinary diaphragm POrazem piving same area of illumination 
he han a3 With lousey's contact diaphragm (comi- 


pare Pig. 504), 


of the face. The latter may be excellently observed in the fluoroscope, 
if the operator cares to run the risk of injury, and a radiograph is easily 
made after centering the rays under actual observation. A 14-inch 
diaphragm gives sufficiently good definition, and as it takes in the entire 
face the fluoroscope need not be used in centering the rays. 

A-ray-proof Aprons, Gloves, and Spectacles.—Sheet rubber 
containing baryta or lead oxid may be made as opaque as desired to 
the z-ray. It may be cut into aprons or gloves to protect the operator, 
OF into appropriate sizes and shapes to limit the field of exposure m 
radiotherapy. 

Spectacles of flint glass containing a large percentage of lead are a 
valuable protection for the operator's eves in fluoroscopic work. It 
must be remembered, also, that even the reduced fraction of the radiation 
which will pass through the entire thickness of the patient's body is 
mjunous to the operator, who is often exposed to it. 

i sheet of lead glass covering the barium-platinocyanid surface of 
& fluoroscent screen enables one to sec the Image perfectly well while 
it protects the operator's face from the rays. . 

X-ray-proof Gloves.'—Soak thick leather gloves in a saturated 
solution of bismuth chlorid, then immerse them in cold running water 
for an hour, dry them thoroughly, and repeat the process two or three 
“mes. An interstitial deposit of oxvchlorid of bismuth is formed. 

Material for x-Ray-proof Garments.—An improved material 
has just been imported into this country. It consists of two sheeta of 
strong cotton cloth between which is a thick layer of rubber containing 
"Dr. Wm. Mitchell, Arch. of Rantgen Ray, April, 1908. 
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The Fluoroscope. —A fluorosconie screen is 
. ‘ side with barium-platinocy unid. 
which becomes brightly fluorescent when exposed to the 
state of calcium can be usec in the same wav. The latter gives 
and the former a ereenish licht. J] : 


th 


eard-board coated on ene 


cri rh dark room the patient ATLLS 
between the observer and the z-ray tube, and the sereen is held close 
to the patient with its chemically coated surface toward the observer 
With the proper amount of radiance a picture is seen upon the fluorescent 
surface of the screen, which is really a shadow-picture, representing the 
different densities of the parts under observation. For most Purposes 
it 18 More convenient to have the screen form the end of a dark box. 
which enables us to use the screen without darkening the room. 

The accessory apparatus and the details of technic are considered 
in the chapters on Radiography, Flu roscopy, and Radiotherapy. 

A Home-made Calcium-tungstate Screen.—The materials req wired 
are I oz. sodium ¢ehlorid, 1 oz. sodium tungstate, and 1 oz. calenim chilo- 
nd. Powder these torether and put them in a crucible with a tin cover 
and set right in a fire with glowing coals heaped around it for two or 
three hours. The compound ts converted into a clear liquid which erys- 
tallzes into a glass-lke mass on cooling. Break this up into a coarse 
powder, put it in water, which will dissolve out the sodium chlorid, and 
fine crystals of calcium tungstate will settle to the bottom. Pour off 
the water, add more water, and decant. Do this several times until 
all taste of salt disappears. This part of the process takes twenty-four 
hours. Pour the sediment on a sheet of blotting-paper and dry in the 
sunlight. Coat a piece of tracing paper or linen cloth with flexible 
collocion or glue and sprinkle the fine, dry crystalline powder over it. 
Repeat the coating with collodion or glue and the sprinkling with 
ealcium-tungstate crystals two or three times. (The total cost of the 
materials including the crucible is only about 20 cents.) (Kolle, 
be X-rays.” 

Intensifying Screens.—If a photographic plate is enclosed in the 
same cassette, or entirely enclosed plate-holder, with a means of press- 
ing the two chemie surfaces close together, exposure to the x-ray will 
produce a double effect. First, there will be the Image produced upon 
the photographic plate by the z-ray and, second, the image produced 
upon the plate by the bright fluorescent light which occurs on the 
screen. With the modern intensifying screen, the latter effect Is ten times 
as great and completely overshadows the direct x-ray effect. There 
are some advantages connected with the tungstate of calcium sheet for 
intensifying, because it gives a whiter light than. the barium Pp : an 
eyanid screen, which is more generally used for fluoroscopic examina- 
tions. | 2.2 
Intensifying screens greatly shorten the time of exposure. The 
best ones, like those made by Dr. Threlkeld-Edwards, of South Bethle- 
hem, Penna., U. 5., reduce the time to one-tenth of the ordinan ex 
posure. The poorest ones reduce the time only one-half, an hos gt 

actica ly worthless. With the increase in speed there sys OSS 
detail, as, for instance, in the structure of the bones. As oy COnBeT WANG, 
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graph of the hand. 
cable to obtain a direct radiograph of the hand ¥ 
exposure. It is a different matter, however, when the 
large person must be radiographed with a portable outfit, 
a number of radiographs must be made through the body, as fo 
amination of the shape and position of the stomach and intestines, af 
or enema, even with the most powerful apparatus. 
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these cases safety to the patient and convemence and econom: 
and tear upon apparatus, and the desirability of snapshots of moving 
parts, call for the employ ment of an intensifying TPE. 5 
fying screen has become an cssential part of the equipment of a Réntgen- 
rav laboratory. 

The best screens are exceedingly fine grammed, and show 1+ 
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of the structure of the screen upon the photographic plate j f Sager 
posure and development have been right. 

The choice of the plate for screen work is important. One like the 
Imperial z-ray plate, with a thin sensitized coating, gives better resy]ts 
for this purpose than the thicker coated Ilford z-ray plates, which are 
so much better for direct radiography. 

In making the exposure the glass side of the plate should be toward 
the x-ray tube and the sensitized surface toward the intensifvine sercen 

For the best detail the exposure should be such that the plate will 
show the proper density after fifteen to thirty minutes’ development with 
the Threlkeld-Edwards developer. More commonly a st ronger exposure 
is given which requires only three or four minutes’ development. 

| An OVer-exposure causes the image to flash up so quickly that the 

plate is fully developed in about two minutes, and shows every erain 
of the intensifying screen. It is evidenced at once by the appearance 
of the intensifying screen when the plate is removed in the dark room. 
The portion of the screen covered by the thicker parts of the patient 
should not show a bright persistent fluorescence. 


Vhrelkeld-Edwerds Developer for Screen Plates. 

Water (distilled). . 

Sodium =n phite (dry) 

Hydroquinone. . sae eee Scr 

Eikonogen . pale es ale ae ee de dram. 

Potassium carbonate (dry)... 2... ...... 48 ounces. 
| Potassium bromid (25 per cent. solution) ‘drams. 
(One dram equals 4.0 prammes, ane 1 CUT equals a tel 4 OTHITimes, } 


4, ne loss of definition in consequence of the eranular character of the 
iluorescent surface is not deceptive in any way, and a reduced copy of 3 
picture made in this way does not show the gsranular appearance. 
Radiography of the chest is a case in which very short exposures are 
likely to be more useful than those of medium duration. Even here 
the discovery of commencing consolidation is better made without an 
intensifying screen, seeking the element of speed in a brilliant radiance 
and a sensitive plate, and having the patient hold his breath during the 
exposure. This, however, is also one of the cases in which a fluoroscopic 
aor would have advantages over the radiograph except for its 

The different factors have been considered at length because of 
the assistance this may afford to others. ‘To learn the suce eseful and 
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the most rapid regular daylight plates, of which the Cramer Cre 
plate may be mentioned as an example The a ; : 
= i= =F - i 


avlicht plates are in 


use In large numbers everywhere and hence may be more easily secured 


in a fresh condition than the special z-ray plates. The kodak film 
produces an excellent x-ray picture, but according to my own observa- 
tions he about one-third as rapid as the Cramer Crown plates. The 
special triple-coated r-ray films, prepared by the Seed Dry Plate Com- 
pany for use in radiography of the teeth, are of about the same speed as 
the Cramer Crown Plates. A sernes of experiments have been made 
by the author to determine the relative speed of the z-ray and easlioht. 
li was found that gaslight was many times more rapid than the x-ray. 
The comparison was made between a 5-foot gas-bumer at a distance of 
5 fect and a heavy target Miller tube with a resistance of 24 inches, 
12-inch coil with large self-inductance; Caldwell interrupter, 9 amperes, 
no rheostat resistance: and Cramer z-ray plate in black and orange en- 
velopes, 11 inches from anticathode, different parts exposed fifteen, thirty, 
sixty, and one hundred and twenty seconds. The portion of a simular 
plate which was exposed to gaslight for forty seconds Was as dense a5 
that exposed to the x-ray for three times as long. Both plates were 
developed in exactly the same way and for the same length of time. 
Tt will be seen that the photochemic effect of the x-ray from a tube 
siving a brilliant radiance 1s only one-third as great as that of a small 
vas-jet at five times the distance. Taking the relative distances into 
account, the difference in power is about 74 lo Jin favor aj the gaslight. 
Sunlight, of course, is incomparably more effective than the =-ray, 
photographically. The wonderful thing about the z-ray Is not the 
amount of effect it has on a photographic plate, but that its effect 1: 
produced even after passage through great thicknesses of animal tissues 
and other opaque substances. fie Aes 
The Lumiere Sigma plates and films are four times as rapid as the 
fastest made in America and are excellent for z-ray work. Schleussner s 
z-ray plates are a sod, but not as fast. | | 
grea cia a regular bromid paper is about one-fifth that of 
aregular plate. T his makes it suitable only for the extremities and the 
tecth. To make a good picture of any portion of the trunk upon this 
paper would require a dangerously long exposure- We sometimes = 
one or more pieces of bromid paper exposed at the same ume % the 
film or plate for pictures of the teeth, hands, or feet. It enables us 
to get an immediate picture, not rood as it would be uf we were to 
give it the longer exposure which the paper really requires, but Ww ich 
, wueful asa proof. it shows whether the position has been a successful 
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The bromid paper alone ts splendid for cases in which an 


one or not. ial 
- the removal of a foreign 


r-ray diagnosis is required immediately, as for | 
body or the treatment of an obscure Injury. I he picture may be devel- 
oped at once without dt dark-room, but in 4 faint ight, and 18 mance 
upon the same identical piece of paper which is exposed to the z-ray 
This exposure is a very great deal shorter than 15 required for a fluoro- 
scopic EXAMINATION In a case of any difficulty and prevents the possibility 
of a burn, either of the patient or the physician, and it will frequently 
show a needle or splinter which cannot be detected by the fluoroscope. 
In consequence, perhaps, of an article of mine upon this method! its use 
has become cenerally known, and In several instances physicians have 
written me of its successful application in cases where the Huoroscope had 
failed and where the necessary apparatus and technic for developing a 
nlate were wanting. 

Réntgen paper is now made as sensitive as the usual z-ray plate 
and suitable for all kinds of radiography. It is a bromid paper, but 
requires to be developed by ruby hght. 

The less sensitive photographic plates are entirely unsuited to 
general radiography. An exposure which will produce a good picture 
on the mght kind of plate will often not show a trace of structure upon 
one of the less sensitive plates. There are many different degrees of 
sensitiveness in the plates made by the same manufacturer. Some are 
intended for one purpose and some for another, but when it is considered 
that the z-ray is only about one-seventy-fifth as rapid as a moderate 
gashight, it will readily be seen that only plates of the highest sensitive- 
ness are suitable. To produce a good picture through any thick portion 
of the body upon one of the less sensitive plates would require a dan- 
Fergus exposure to the x-ray. 

Halation m photography is supposed to be the result of a reflection 
of hght back from the further surface of the plate. Its effect becomes 
apparent when a photograph is taken of a very brightly illuminated 
object with sharp outlines. Such a picture might be taken with the 
camera pointed toward a window with small panes and with bright 
daylight outside. Instead of what we are accustomed to speak of as 
photographic sharpness, we would obtain a picture showing blurred 
outlines of the eross-bars separating the panes, as if the effect of the 
brilliant light of the panes had extended partly to the dark portion 
ot the plate upon which the Image of the cross-bars is impressed. 
Various remedies have heen tried to prevent this reflection, and what 
ADE Known as non-halation plates are considered the best. In effect 
these are plates with a double thickness of film, so that almost all the 
light is arrested, and the resulting image is so dense that the slight 
reflection. which may still be present does not show upon the picture. 
All the celluloid films are almost free from halation. Experimenting as 

to halation the author has made radiocraphs of sharply defined metallic 
objects, such as coins and needles, placed practically in contact with the 
plate and with the r-ray falling in some cases vertically, and in others 
at Various angles, up to the greatest angle ever required in practice. 
In the entire series of experiments there was no effect of the nature of 
halation produced. One clinical radiograph did show a blurred imag 

of the leaden figures used to mark the number of the picture, but duphi- 


20 a? An Improvement in Radiography, N. Y. Medical Journal, August 
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cating all the conditions a perfectly clear image resulted, and it seeme 
certain that the firtuires must have heen aceiclentall 


ally moved during the 


interval between the first and second parts of the exposure. TI 


ine 
purpose oO having the objen tS AS Near AS possibly to the plate 1 


eliminate the aberration which inevitably occurs in the image of an object 
at any distance from thi plate and which has no relation at all to the 
epecial condition produced by “4 qdiftuse refleetion from the back of the 
plate. My experiments have led to the conclusion that halation is not 
a disturbing factor in radiography, and that celluloid films or double- 
or triple-coated plates, are not required on this particular account. 
Celluloid films, coated on both sides with an especially sensitive emulsion, 
are made by some of the manufacturers, especially in Europe, for 
Instantaneous radiography of the chest, and are intended to be used 
between two intensifying screens. 

The Duration of the Exposure.—The length of time required to 
produce a radiograph is influenced by the different factors already 
discussed. The absolute safety of the patient should be the first con- 
sideration, the next consideration should be a perfect picture, and 
finally the time of exposure should be as short as 1s consistent with the 
first two elements and with economy of wear and tear upon the appara- 
tus. Other conditions being the same, the time of exposure is very 
ereatly shortened by increasing the strength of the primary current. 
In some experiments of my own the result has been that doubling the 
amperage of the primary current has reduced the time required for a 
radiograph tenfold. In the early Gays of the use of the z-ray some 
operators adopted the plan of not commencing to count the time 
until the anticathode had become red hot “and the tube had reached 
its maximum efficiency.” Practically every one of the pictures in 
this book were completed before the anticathode became red hot, 
and so, according to this reckoning, were taken im less than no 
tame. In the case of the heart, and possibly the lungs, It is sometimes 
preferable to take a picture in a very short time while the patient 
holds his breath. By using an especially sensitive double-coated 
celluloid film between two intensifving screens and a primary current 
of from 20 to 30 amperes, such a picture can be taken in about a second. 
On an ordinary z-ray-plate and with a current of 20 amperes the time 
for a good picture would be about twenty seconds, and with the same 
conditions a picture of the pelvis would be made in forty seconds and 
of the hand in one or two seconds. Varying the conditions as to 
Vacuum a little from my standard as to what produces the best picture 
and increasing the streneth of the current, the time for a pelvic picture 
may easily be reduced to fifteen seconds. The very heavy currents 
required for short exposures are a strain upon the secondary coil, ee 
the interrupter, and upon the tube. This is in addition to the less serious, 
but none the less annoying, burning out of fuses. Assuming that one s 
apparatus is capable of producing practically the greatest ‘possible 
z-radiance with a given strength of current, and that one knows how to 
get the best results from it, the following would be a desirable schedule: 


With an induction-coid: 
& to 30 seconds, 
3 eer ierate ee a eae a a a de ee 10 to oO 
Shoulder, chest, or knee . See pe eed aaa ol ee 
Pelvia, head, vertebra, renal caleull. .. 
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The longer time mentioned under each heading will suffice to make a gol 
radiograph with a good coll and technic, but with a moderate strength of 
current. | The shorter time riven rm CUTS 2 reat deal more study of th 
subject and an apparatus W hich will stand heavy currents. Still shorter 
exposures may be obtamed, either by the sacrifice of quality in the radio- 
graph or increasing the size of the coil and the strength of the primary 


current, about 40 amperes being the limit of the latter. This presents 
still ereater technical difficulties and mereases the danger of injury to 


hi 


the tube or coil, In considermg rachiography of the individual DATES of 


the body examples are given which show fairly the time recpulre d under 
diferent conditions. Transformers have reduced the exposures. 


With a fransjformer: 
Hand or teeth.......... Ae eee : to 2 seconds 
Elbow or foot... eee ; ob . 1 te: . 
Shoulder, chest, ee oC TOE ee ae 
Pelvis, head, vertebra, renal caleuli........ i to 


An intensifying screen reduces the above exposures to one-tenth or less. 

The rays which produce an effect on a photographic plate are the 
ones whose mfluence pon living tissues must be taken into account. 
With too low a vacuum one might fail to get a radiograph through the 
lumbar region, even though the r-ray were turned on long and strong 
enough to produce a severe burn, and the same may he true of 
r-radiance of the right quality but from too weak an apparatus. In 
either case the little photochemic Cnerey which coes reach the plate 
would act so slowly that before the exposure was complete a dangerous 
effect would have been produced upon the tissues of the patient. A 
famous medicolegal case was that of a patient of Prof. Hoffa, of Berlin, 
mn which case an exposure of forty-five minutes was required for a 
radiograph of the hip-joint, and a burn resulted. The patient had 
previously been exposed to the z-ray by some other physician. The 
case was dismissed because the exposure was in conformity with the 
best technic available at that time. Improvements in every part of 
the r-TAy equipment have so much reduced the time of exposure as to 
make it possible to take a good picture of any part of the body with 
practically no risk of any sort to the patient. This means that the 
patient is only exposed to an entirely safe amount of z-radianece for 
even the most difficult picture, and if the conditions are observed upon 
which my table is based it is quite safe to take two different pictures 
of the Same part at the same session. This is true of the body, and 
for the teeth and hands several exposures may be made, The element 
of Lite alone will Tot SeCure @ rood picture. I have known & man with 
a good S-inch coil to pive an exposure of six minutes for a kidney-stone 
and obtam no picture, and an exposure at another session for sixteen 
minutes and find nothing on the plate. This resulted in a severe burn 
of the abdomen. A sufficient time of exposure is absolutely necessary, 
but it must be combined with correct details throughout. Over- 
e<POsure is undesirable, but may be corrected to some extent during 
development, and besides, the finished plate may if necessary be 
examined by a strong transmitted light, so that a plate which would 
be practically useless from the standpoint of the daylight photog- 
rapher may still prove very good for the diagnosis and record of the case. 
The safe amount of time during which a patient may be exposed to the 
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perfect pictures with a moderate lencth of exposure, and to cot 

15 amperes with a 110-volt primary current as the very 

until one may fairly claim to know the z-ray thoroughly from 
experience. The principal Injury which may occur to the tube f 
too strong a current in the effort to shorten the time of exposure is 
either a puncture of the glass wall of the tube or fusing the platinum 
coating on the anticathode, A sccondary coll which burns out in 
Conse] uence of too Reavy a2 Current 1s a total wreck ancl mar do eon- 
siderable damage to Its surroundings. The thousands of fect of fine 
wire are insulated in a mass of wax, and when the wire fuses from an 
overcharge the wax melts and fairly explodes. Of course, every coil 
is made to stand a current of a certain strength and for a certain lencth 
of time and this limit snould not be exceeced. An eX DOSUre of one 
hundred seconds with a primary current of 12 to 15 amperes may often 
be advantageously divided into three of about thirty seconds. Several 
exposures of fifteen seconds separated by intervals to allow the tube to 
cool often sive the best results. Very few tubes indeed will mamtain 
the same degree of vacuum during one hundred seconds with a charge 
produced by a current of 12 to 15 amperes, and, of course, after a 
marked change has taken place the balance of the exposure is worse 
than wasted. During this time the patient must repeatedly be cautioned 
to stay still and, of course, it is going to be best to have the plate flat 
upon a table with the part to be radiographed resting upon It. 

Radiographs of the head or abdomen with a single uninterrupted 
exposure without injury to the tube may be made with a heavy anti- 
cathode tube, such as the high-frequency tube described on p. (34, a 
12-inch induection-coil, a primary current of 15 amperes, and an exposure 
of thirty seconds. This is the time required for a photographic plate, 
but it may be reduced to three or four seconds if a celluloid film between 
two intensifying screens is used. 

Rapid radiography is obtained with alternating or direct current 
transformers. Pelvic pictures in one or two seconds, thorax im one- 
quarter second (see p. 722). ' 

he Nature of the Materials in Contact With the Plate.—The 

usual practice ig to place an x-ray plate in a black envelope and outside 

of this an orange envelope. This must be done in absolute darkness or 

else in a photographer's dark-room illuminated only faintly by a ruby 
4 
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sfactory. When such 


he LY however. 

t contrast produced 

¥ the x-ray, and the prolonged 

development required, may re- 

sult in a plate which shows 

principally the grain of -the 

black envelope and the streak 

of paste down its center. These 

black and Ornre envelopes 

should not be rewarded as suf- 

ficient protection against or- 

dinary light except just during 

the manipulations of taking 

the picture, and they are no 

aed = protection at all against the 
i f z-ray. The plates are best 


i* 


——————= rl ee kept in the original boxes un- 
Fig. 506.—Plate focce. oa til shortly before use: and be- 
Ae nf date fogeed by contact with envel- fore and afte aa ahd. be 
eS OTe Le Ba goliath Penetrating them. it aL Eit cdl t r Lh: E ST) { : * 
wrapped in opaque material 


outside of the black and orange envelopes. One curious plate of mine 
shows all the printing on the z-ray envelope, and this was probably the 
effect of exy wWeure to ordinary light. Needless to say the plate was so 
fogpredd that it WAS barely possi ble to make out that it was a pict ure of 
an ankle. Fig. 506 is an example of a plate ruined in this way. The 
ordinary plate-holders used by photographers are excellent and produce 
no deleterious eftect upon the plates, which can be kept in them as long 
Hs desired. | ‘They afford no protection scrainst the t-Tay, however, and, 
theref re, there is no advantage in their holding more than one plate 
unless it is desired to take two pictures at the same time. A simple 
and effective plate-holder has been suggested by Gagnere.' It consists 
of a box such as a dozen or half a dozen plates are sold in, partially 
' Archives d'Electricite Medicale, Bordeaux, Dec. 10, 1004. 
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filled by a board of the same length and breacit} 
side of the nlate [is protected from contact with # it 
anal! pleces oft Curvi-twearn pastect on thie orere mF t his 
i= placed In such a box without any wrapping and will unde 
from a chemic effect duc to the container or from exposu 
light. The presence of the board backing inside of the bos 
of safety from the Very disarrceable accident of having ) ) : 
To prevent the plate trom bresking when using the ordinary black - 
orange envelopes, the whole may be placed in a plate-holder made of 
wood with a shallow depression and a thin wooden cover. 
Two plates Hine La face In liehi =] Lhe if envelopes | eMAIn ir 
dition for a long time. 
Stereoscopic Radiography.—The same sort of plat 
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useful for Slerposco pic radiography, in which case it 1s 
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MICCessive PICures on two different plates which sre placed In 4 saetly 


the same position and without any movement on the part of the patient 
The z-ray tube is shifted a few inches after the first exposure and the 
distance that it ts moved corresponds with the thickness of the PArt ancl 
the distance ot the tube from the plate. The result is two different 
pictures which may be optically fused into one picture by examining 
both original plates in Weicel’s modification of the Wheatstone stereo- 
scope. or by examiming reduced comes of both plates m the ordinary 
hand stereoscope with its prismatic lenses. Orcdinanly in looking at 
any object or group of objects, of course, each eye sees quite a different 
picture, but the brain combines the two impressions into one picture, 
which has the property of perspective. This enables us to recognize 
at a glance whether one part of the object is projecting toward or away 
from us, and this without any regard to the relative size of its image. 
Of course, skilful drawing will sometimes cause an image on a flat 
surface to appear to stand right out. Theoretically, the two pictures 
in stereoscopic photography or stereoscopic radiography should be taken 
from points of view just as far apart as the pupils of the two eves, but 
practically it has been found desirable, both with the camera and with 
the z-ray, to vary this distance in accordance with the subject. ot the 
picture. In other words, it is often necessary to exaggerate or diminish 
the stereoscopic effect in order to produce the best perspective. The 
following table, worked out by Ma ric and Ribaut is a useful guide, but 
as long as the distance that the tube ts shifted is recorded, the exact 
distance given in the table need not be followed: 


MARIE AND RIBAUT’S TABLE 


Thickness ofthe part Distance from the anticathede to the surface of 

a iB the body. es ! 
| : ah A Centimeter. 
16.2 cm. 
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* Archives d'Electricite Medicale, Bordeaux, July 15, 1599. 
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MEDICAL 
This must be modified in certain cases, Lae lad a sid 
to show the relative position of the vertebra aa a ren ™ 
bullet embedded near the spine. In epee Seen at er Oe 
number corresponding to a much less thickness. of issue th 
instance, we wished to show the anstonmec relations of the ¢ 


1 

. a 
Lr ri male 
BE" 


| jects of chief mterest ; 
general, the nearer the objects of chict n ae t rr eel 
is the distance that the tube must be shifter bes Tween 


PTCALeCr 1s 
the first and the second radiograph. | | 
There i required a convenient means of removing the 
and placing another in exactly the same position, or, ar 
Caldwell’s suegestion, metallic portions of the plate-holder projecting 
over the eden of the place and by their image MCA exact iy Ctr. 
| a Pa : 1. i : eit he hit “ j : 
sponding parts of the two plates. The plates may be pushed int, 


slot and removed with any movement of patient or ster oOscopic piste. 


holder, 
The fale -stand designed by Brickner. Ot Kew York. avo 
useful DAT Dose in stercose ype rachiography. There is an 
hollow wooden shaft in which plays a counterbalance ile 
weight of a window. The sash-coard is attached to @ Carrier. in 
this Way ha re ISe or lowered. ane remains irl position without hy 
fastening or unfastening. Throuch this farmer there passes a hor- 
zontal arm which is also a ustable and se] f-retainine. At the end ci 
the horizontal arm is the tube-holder. adjustable in every direction 
and secured by heavy screws. There ic a seale of inches upon the 
vertical shaft and upon the horizontal arm, and the tube can he moved 
4 measured distance in either of these directions without fastening o 
unfastenine anvthine. The motion 18 mace hy a rack anc pinion 
effect of tniction Wheels. > : 
Hipperger's modification of chs Stancil includes “4 hox larce enough 
to enclose the I-ray tube and of material that is opaque to the 7-Tay’. 
Phis is afi element of salety for the operator. : 
The same tube-stand or its modification is useful for most of the 
applications of the x “ray in diagnosis and treatment: It makes it very 
easy to place the tube in the exact position required: it is also sub- 


stantial enough m construct lon to Carry a Friedlander shield: and the 
=e = = there Is very little metal about it makes the arrangement of 
ine conducting cords an easy matter. With a stand made largely of 
metal, Of Ure the conducting cords should not be allowed to touch 
ee the appointed part of the stand, as otherwise there would be 
Whi ore or les. Waste of power and damage to the cords. 
here ee ane deriva of the stand, the clamp should grasp the 
not by the little r yeas ‘_ lon surrounding the cathode stem, and 

wo Bhe Otte projection from the tube. which is made for the principal 


purpose of connection with thes he princi 
| ee 5 See o the air-pump when the tube is being 
exhausted. Care must alwavs be [ 5 J h [ the Ell : . = 


For 1. + “ae a . a 1 +: are 
4 spark from the conduei; taken to prevent the patient receiving 
The tare lee COT LUC Cn cords Or [rom the points of the tube. 
“ae 5S & disagreeable but not iniact... r ‘ch would 

- accompanied by « } 2k injurious shock received, which woul 
break Pe Re ri es 1 rn if for cL ry Pron the patient were unable tir 
with both atte ~ 8 instinetive or reflex movement. Contact 

Pigeon's Micrr a would be productive of a very serious shock. 

ee n i rr ii errr aa Ae = | “i ™ 1. Z ie: _ 
cumbrous, and best instr ots is one of the simplest, least 
graphs niiivis 2 ; een te lor examining stercoscopic raclio- 
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ground glass while the observer look: 

nicture, and at the same time sees the reflectio 
al “ =| “I q 5 | a - or i L 

m2 small triangular mirror i Fig. S07, AM 


completed pic 

Ati resco PU fr fuoroscapy.— The most practical me 
ft T=TaAy hoes excitert tail the Sfrrit hime DY an “alt ‘F 
having a synchronous shutter which allows each eye t 
eent screen only during the periods that it is illuminat: 
tube. 


A sufficiently powerful transformer will do this 


il ! FTE Are {two 


Fiz. S0T.—Pigeon’s reflecting stcereoscope for examining radiographs. 


circuits each made up of an x-ray tube and a ventril tube. The z-ray 
tubes have opposite polarities. 
Value of Stereoradiography.—Stereoscopic radiography 1s useful in 
depicting subjects like renal calculi and fractures of the femur, but for 
the location of foreign bodies better results are obtained by the com- 
panson of two different radiographs taken at a very much wider angle. 
The Nature of the Material Back of the Plate.—In using the 
ordinary black and orange envelopes a distinct effect is often produced 
on the plate which is analogous to a reflection from the surface upon 
which the plate with its envelopes rests. In reality this effect is due 
to secondary rays caused by the impact of the z-ray upon the material 
back of the plate. These secondary rays fill the entire x-ray room and 
are diffused in every direction, and unless prevented by something 
opaque to them an extrancous effect will be produced on the plate from 
two sources: First, by secondary rays ansing from the direct z-ray 
PArch. d'Electricité Medl., April 2, Lory. 
* Comptes. ren. de la Societé de Biologie, vol. Ivii, p. 662, Dec. 15, 104. 
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wid and metal with, perhaps, an alr Space, the evidence of this 


found upon the pDinte, and I have been consulted about such pictur 5 
which had proved quite a puzzle to the radiographer. it ts my isha 
practice to use a backing Of F-ray metal, lead and tin, ADOUL 4 oui 
meter thick, behind the plate but outside of its envelopes. This 
euts off any influence coming from oehind, and whatever secondary 
rays are cenerated upon its surface are in proportion to the amount 
of z-ravs striking it, so that to a certam small extent It acts also to 
intensify the image on the plate. If only a part of the plate is protected 
by the z-rav metal backing, the part which rests upon the uncovered 
wooden table is a very great deal darker than the other, and in some 
plates shows even the gram of the wood. It is evident that wood 
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either has a much ereater capacity for mduced z-radiance than lead, or 
that it is transparent to the secondary rays coming from various parts 
of the room. 

Two plates may be placed on top of each other, both m separate 
black and orange envelopes, and a picture be made upon both at the 
same time, and sometimes the picture upon the lower plate is the better. 
The lower plate receives only about two-thirds as strong an Impression 
from the direct z-ray because the upper glass plate is not nearly as 
transparent to the z-rav as class is to ordinary licht. The lower plate, 
therefore, is not as dense as the upper, but the image on it is sometimes 
clearer because the upper plate often almost entirely cuts off the 
less penetrating secondary rays arising from the x-ray tube. The 
z-radiance excited in the thicker tissues, like the liver, is the chiet 
SOU Te of indistinctness in radiographs through such parts of the body. 
and this indistinctness may be somewhat reduced by having the film 
suriace of the plate down, or by using two plates. My experiments 
with a thin metallic sereen over the plate have not thus far resulted in 
improvement in the image produced. The use of a diaphragm OF 
cylinder to cut off the secondary rays from the z-ray tube reduces this 
indistinctness very decidedly, © ~ a 

_ A practical point to be observed is in connection with the perspira- 
tion which may be present upon the surface of the part in contact wit 
the x-ray envelope. If this strikes through the envelope it will produce 

co gcc upon the film, resulting in a picture in which the print 
+ seen spotted with white dots. To prevent such an accident it § 
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“nght * ~ beft."” Such a word is necessary 
two symmet ric portions appear upon 1 he same plate, like ¢] 
of the [xeCIW LS, OF both snoulders, or both ines =. UD 
to be some striking difference which wll enable us ta id] 
sides. It is possible to be pretty sure that a certain f +] 
represenis the nght side of the body if we make a pract ee of havi 
film-side of the plate uppermost, and have a record of the position of 
the patient, whether prone or supine. But this caleulation would he 
based upon the assumption that the plate was correctly placed in t to 
=-Tay envelope, ancl When a PCcrson i to be operated upon for a ShOne 
in the kidney it is necessary that there should be no possibility of error 
as to which kidney it is that the z-ray picture shows the stone to be in. 
In the absence of any special met al letters any suitable ol ject, like “ 
key or a coin, may be laid upon the side of the plate upon which rests 
the right sideof the body. A written note to that effect should be made 
before the exposure is finished. If not made while the plate and the 
marker and the patient are all in the same relative positions, the iden- 
tification of the right and left sides of the patient in the picture again 
becomes a matter of memory and calculation. The letters and fig- 
ures I use are cat from z-ray metal about 4 millimeter thick. If 
the plate is film-side up, the letters and figures must be completely 
reversea when laid on top of tne plate in order that they shall appear 
in their proper relation on the print: but if it accidentally happens 
that they are not put on in this reversed position, it may later be 
corrected by printing the picture with the glass instead of the film-side 
of the plate in contact with the velox paper in the printing frame. 
I find it convenient to have all the letters of the name pasted in a 
reverse position upon a card, and to have the single figures pasted upon 
eard-board slips, which fit in a sort of pocket on the name card, together 
with a slip on which is pasted either “right” or “left.” An z-ray 
plate is like a transparency: if you are looking through from one direction 
at a picture of two hands the hand with the wedding ring on it may 
appear to be the left hand, and if you look through the plate m the 
opposite direction that hand will appear to be the right one. In a 
pearate of the two hands taken upon a plate with the film-side up, the 
hand with the wedding ring on it will appear to be the left hand; but 
if the film-side is down, as it usually is in the print, the picture will 
make the hand with the wedding ring on it appear to be the right hand. 
taking a picture by means of the Réntgen ray no camera or lens 
required. The sensitive plate, film, or paper is so placed that a 
shadow falls upon it produced by the interposition of the object to be 
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substances, on the other hancl, cast decp shadows, ani on those LAT 
of the plate the photochemic effect is but slight. \n ideal plat 
one in which the images of the bones, anc especially Ol mietallie | 
bodies. are nearly transparent, but with fine detail showing the str 

of the bones: and the background 1s dense, almost opaque. A 

OT fe Anished nicture, ot which iS aah hi hy is aut? desired may be 
on sensitized paper from such plate, shows the bones black 


bos 


excellent detail of structure, contrasting sharply with the half-tones of 
the flesh. and the outline of the latter 15 clearly defined upon the pur 

white background. Such a picture can be obtained by what I have 
ealled a “normal exposure,” meaning by that term the equivalent of 
the contlitions neeessary for perfect ordinary photographs. With an 
ordinary photograph the amount of light and shade upon the object, 
and the amount of hight admitted to the camera, and the length of time 
during which it 1s allowed to act upon the plate, are all very commonly 
under complete control. With the Roéntgen ray, however, it is only 
exceptionally that 1t 1s possible or desirable to secure all the gradations 
between opaque density and almost perfect transparency. With the 
hand and foot a normal exposure can readily be obtained, but with the 
thickest portions of the body this is entirely impracticable. 

The plate is usually contained in an opaque black envelope, and 
outside of this there is one of orange paper, and thus enveloped it is as 
sale from ordinary light of moderate strength as a plate in a plate- 
holder or a film in a camera. These envelopes ordinarily present no 
impedunent at all to the passage of the Rontgen ray and the plate must, 
thereiore, not be kept in or even near the room in which the x-ray is 
“ured on, except during the actual exposure for taking the radiograph. 
Such a plate in its envelopes may be placed upon a table, the hand or 
whatever part is to be radiographed is placed upon it, and the z-ray 
tube placed directly above this at a distance from the plate which 
bears a distinct relation to the size of the plate and to the thickness of 
the part to be penetrated. The z-ray is turned on for the proper length 
oltime and the picture has been taken, it being only necessary then 
either to develop it one’s self or give the plate to a professional photog- 
rapher ior development. There are differences between the ye 
Ment required for most I-Tay plates and that used byw the ordinary 
photographer whose plates have all had approximately normal exposures. 
These special points are detailed in the chapter on the Seraiaanien 
of x-ray pictures. 

di. nome of the factors to be considered in making a radiograph are the 
sdaerchnd ue Punobegh- ys: tube, the position of the portion to be 
‘apace aerate apap oredr ae 
Re pro ee and character of the mterruptions in the 
Pe FY Current, thu a lf-induction in the promary cou, the presence or 

sence of spark-gaps between the secondary coil and the tubs, and the 
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tube ought to be at such a distance from the plate as to produce 
a ncarly uniform amount of photochemic effect upon all parts of the 
plate. In the case of a little tooth-film, an inch and a quarter by an 
inch anc three UAT TCTS, the ance will le practically eqqualls distant 
from all parts of the film at 9 inches, which ts the shortest distance to be 
recommended for radiography. This distance is measured from the 
anticathode to the surface of the film. But with a plate measuring 
14 by 17 inches, the tube must be about 22 inches away in order that 
there shall be anything like a umform action. The action of the z-rav 
ciminishes rather more rapidly than the Se uUAre of the distance, and uf 
the distance from the tube to the center of such a plate were only 
9 inches, it is easily seen that portions of the plate 5 or 9 inches from the 
eenter would be almost twice as far Away from the tube as the center 
of the plate. The action produced upon the peripheral parts of the 
plate would, in such a case, be only about a quarter as intense as upon 
the center. 

Again, the distance must bear a certain relation to the nature of 
the part to be radiographed in order not to produce imperfect or mis 
leading effects, such as distortion. If the portion to be radiographed 1s 
comparatively small and can be placed in close contact with the plate, 
like one phalanx of the finger, the tube may be placed at the mimimum 
distance. But when the object is large and parts of it are at different 
distances from the surface of the plate, and from the direct line from the 
tube tic the center ot the plate, the tube Must be Tar enough Away To 
produne approximately parallel rays. A desirable TANITA distance 
has seemed to be 22 inches. A greater distance would give still less 
distortion, but would require a longer and stronger exposure, cand 
with a much shorter distance the portions far from the surface ol the 
plate appear unduly magnified as compared with those portions near 
the plate. This is like the magnified shadow of a hand held near a 
eandle, while if the hand is quite near the wall the shadow is only the 
natural size. | yer | : 

Diffused Radiation.—Another feature which has a bearmg upon 
the question of distance is the fact that an appreciable amount of z-ray 

-adiates from all the diffcrent parts of the tube. This is well shown in 
the picture of a penny right in the shadow of a silver dollar hall els 
In making this the penny was close bo the plate and the dollar hal sie 
from the plate to the tube in such & posit Ion as To completely Cx oes 
direct. ravs from the focus point, or any other part of the ant icathode, 
from reaching the part of the plate on which the penny rested. | maya 
from the walls of the tube passed in straight lines and met at an angle 
behind the dollar and there produced a picture of the penny. That it 
was this and not partial transparency of the metal disk 15 shown by the 

her picture ‘7 which the dollar Is nenrer bo the plate, and m which 
ere age of the penny cannot he seen. This is an observation which 
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may be confirmed by means of the fluoroscope. Ita prartiv 
consists in the knowledge that the image of anything at ad 
the plate is sure to be more or less hazy In consequence of this penumbhirs 
and, of course, the nearer the tube is the greater is the angle which + 
rays from its walls make with its focus rays; blurnng of the image 
results from having the tube too near when the pont ol interest j 
in absolute contact with the plate. 

An example of the Wurring from diffused raciation is seen whe 


produced by secondary rays in the shadow of a silver 
dollar. 


hand with outstretched fingers is held outside a window-shade not 
been to direct sunlight. When the hand is pressed against the 
shade its shadow is clearly visible with its outstretched fingers and the 
Bpaces between them. but when the hand is held a few inches outside 
of the cloth its shadow cannot be distinguished. 
eaten diffused secondary z-rays passing through an object at a dis 
erga rom the plate would not only give a blurred image of their own 
. Pha also blur the image due to the direct rays. 
fs ce: author cannot help feeling that the secondary rays arising in 
hasues are partly the source of our ability to make radiographs, such 
as those of the frontal sinus, at all, Some cases of his have wh two or 
three times as preat discoloration of the photographie plate at the 
= of the frontal sinus on the sound side as upon the side where a 
rank e aeeot operation revealed the presence of only one or two tea- 
onfuls of pus. The direct rays passing through the entire thickness 
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resistance encountered by the secondary favs reaching the two parts 


of the plate. It is truce that secondary ravs arise from this part of the 
skull itecif, and, doubtless, in proportion to its density, and this aids in 
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rays would also arise from the skin in proportion to the rays, direct and 


secondary. which reached it, and would tend to reinforce a clear image 


the production of a good image if the plate is very near. Secondary 


upon a plate in contact with it. 

This if given as the author's theory, nct as an established fact. 

If parallel ravs could be obtained from an z-ray tube this blurring 
of the image of parts at any appreciable distance from the plate would 
be partially prevented, and, furthermore, the image would be of exactly 
the same size as the original object, no matter how tar from the plate 
it was, provided that 1t lay m a direction parallel to the surface of the 
plate, and that the rays fell vertically upon the plate. This condition 
of parallel rays cannot be fully accomplished, the z-rays can neither he 
reflected nor refracted, and the major part of them diverge from a very 
small point in the center of the tube, co that im a regular <-Tray picture 
the divergence of the direct rays from the focus point on the anticathode 
must produce magnification of the image in proportion to the relative 
distance of the object from the plate. The actual size of the object 
ean usually be determined, closely enough for all practical purposes, by 
a simple calculation based upon the size of the image, and the relative 
distance from the object to the plate and to the tube. For instanee, 
if the object were just half-way between the anticathode and the plate, 
the image would be twice the diameter of the actual object. Of course, 
In most cases. this is only approximate, since we usually do not know 
the absolute distance. For the few cases in which it ts necessary to 
determine the exact size of an object, for instance, the heart, resort 
must be had to the orthodiagraph described at length in the chapter on 
Se ane Compression Cylinder—The compression eylin- 
der of Albers Schénberg makes no attempt at orthodiagrap i Se oe 
a step in the direction of eluminating blurring when the object is at a 
distance from the plate. It does this by cutting off many of sation 

rays arising from various parts of the tube, and allowing principa’s 
the direct rays from the focus point to reach the plate. | f course, these 
are the original divergent rays and the image is just as much magnified 
eect were oot there, but the cat is that the image i more 
clearly defined. The compression eylinder itself is of brass, lined with 
jead in order to be opaque to the z-ray, and is about 4 inches in diameter 
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and about 5 inches lone. It forms part of a complicated 
he means of which one open end of the cylinder may be presse 
, | [t produces in All cases final 


the abdomen or anv other part. Coen ie : 
“n somoe Dlaces, like the abdomen, reduction in the thickness of | 
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Pig 3, A.—Compresstion diaphragm. (Kelley-Koett Company.) 


to be penetrated by the z-ray. At the other open end of the cvlinder 
the z-ray tube is held in position by another part of the apparatus. 
The pictures are, of course, limited by the size of the cone of rays which 
passes through the cylinder. The extra ravs are not all cut off by any 
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explained on pape 755.) 
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in pers, ri All those emanating from a part of the tube 4 inches 
certainly setteabs ree LO take part in the production of the picture. Ié is 

an excellent device for cases in which a small picture is sufficient, 


hich It 13 possible Lo sc Judge of the position of the object of 
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interest as to direct the evlinder accurately enough to ine 
of interest in A let wire only xs hittle over 4 inehps Tie 

fredsons jor Aba aon na Radiat Fig; f elude Dianhragm. 
edition of this work the authors rachiatine cellular A 
scenbed. It has been found, however, that it was neers 
fluoroscope to so accurately place the z-ray tube so as to es vy Lin 
shadows of the wall of the central funnel. This involved 4 dawcwttisus 
EXPOS Ure of the ODCrLoOr and caused the le of the LpPPaAratus to | 8 giver 
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Radiographs through thick portions of the body often show the 
evidence ct suihncient density ot t-Inhy elect Lip aon the plate ra nreeluce 
a picture if there were only also contrast and detail, 7] 
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tube react the Space behin« it and show Fi clear Lene ol the penny, WW hich = cose to 
the plate: B. dollar close to the Plate and ¢asting a dense shadow in which the penny 


cannot be scen, A and Bo made at the same eX POsure. 


body; and the harmful effect of these secondary rays upon the quality 
of the picture may be very much reduced by diaphragms and cylinders, 
which cut out the secondary rays from the tube. This is really one of 
the most important facts in Réntgenology. 

A tube so constructed and actuated by such a current that it gives 
out the smallest possible amount of secondary rays is most desirable, if 
it must be used for radiographing thick objects without a diaphragm or 
eylinder. This element and the richt degree of penetration and the 
night intensity of radiance are the difficult factors in successful radiag- 
raphy. The proper length of exposure isa matter which is easily learned 
by een and may be closely approximated by referring to the table 
on p. 767. 

_ My judgment of the value of all such diaphragms and cylinders is 
that they are vitally necessary in so far as they protect the operator 
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ower, but they give origm to secondary rays in the tissues which differ 
the secondary favs originating in the tissues under 


in no respect from 
the influence of the direct focus rays. 

Diaphragms ancl ch lincders, by cutting off most of the extra rays from 
the tube, very greatly reduce the blurring of the image duc to secondary 


ravs arising in the tissues. 


The objection that a shield of any Kind surrounding the z-ray tuhe 
sives rise to secondary currents and an electrostatic condition tending 


| i 


to cause rapid hardening of the tube does not prove to be well founded. 
The author uses the Ripy 
raphy and experiences no difficulty from this source. 
Any opaque box, used to contain the tube and protect the operator 
rom the deleterious effect of the z-ray, must be provided with means 
or connecting both the anticathode and the accessory anode, or either 
one separately, with the positive pole of the induction-coil; and for 
eonnecting the cathode with the negative pole of the coil. 
The Influence of Tissue through Which the Rays Pass.—Every 


substance impinged upon by the z-rav, whether transparent to it or 
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not, diffuses a certain amount of radiance im all directions, and the 
tissues of the body have in this way a certain radiance of their own. 
This 1s one clement in the production of an indistinctness in the image 
of parts of the body at a distance from the plate; and there is no remedy 
for this particular defect. On account of this fluorescence of the body 
it IS & Wise precaution to have the patient remain motionless for a few 
seconds after the x-ray is turned off before removing the plate. 

After all that has gone before, it is easy to understand that the 
portion of chief interest In every picture should be brought as close to 
the plate as is practicable. This is in order to secure the clearest 
possible picture of the object, but the rule is applied with diseretion. 
In taking a picture to show a portion of the brass shell of a cartridge 
Which had been in the cali of the leg for four months, our purpose 
would be more to determine how deeply it was embedded in the 
fiesh than to get a clear image of the fragment. Consequently, the 
picture would be taken in profile instead of in a direction which would 
bring the fragment some inches nearer the plate. The result 1s 3 
more useful but less beautiful picture, 

Again, at a distance to one side of the direct line the image would 
appear longer than natural in that particular direction, while its trans- 
verse measurement might be about natural. This is analogous to the 
lengthened shadows cast by the setting sun. The distance must, ol 
course, be so great that with the requisite strength and duration of 
application there shall not be the slightest danger of an x-ray burn. 
So in taking a picture through the entire thickness of the body the 
distance from the tube to the plate must be correspondingly greater 
than in radiographing the hand. With the author's board compressor 
the thickness of the body is reduced 2 or 3 inches, and the tube may be 
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brought that much nearer the plate ancl 
from the surface of the he: ty 
from the plate works well in this case 

The degree of vacuum in the tube is « | 
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is altogether too high is sometimes spoken of 
one in which the partial vacuum in the tub 
vacuum. It contains too little gas or air 
snapping and sparking about the clectrodes of tl 
a current is turned on the tube may be puncture: 
a spark bursting through the glass close to the cath 
across the air outside the tube to the entranee of the 
the other end of the tube. The sparking and possible | 
due to the great resistance to the passage of the current across the 
snace between the cathode anc the anode in the unduly rarefied 
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tube. Another effect from such a tube is the backing up of a lone 
spark. The wires from the two poles of the secondary coll pass to the 
two poles of the tube and all the current is expected to pass through 
the tube, but if the resistance in the tube ts ereater than the resistance 
in the air-space between the two poles of the coil, the current, of course, 
will take the path of least resistance and if strong enough will spark 
across between the two poles of the coil. In every z-ray outfit movable 
metallic rods should be attached to each pole of the coil, and by tumme 
these toward each other we can determine the distance across which a 
spark will pass between the two poles of the coil. Two factors enter 
into the production of this distance: one 1s the strength of the current, 
and the other is the resistance to the passage of the current through the 
tube. With a very weak current, of course, we could not get a long 
spark across the space between the poles of the coil even if the resist- 
ance in the tube were very great, or if the tube were disconnected trom 
the coil entirely. In the latter case, of course, the only path open to 
‘the current is across the space between the poles of the cal. This 
factor, the strength of the current, is adjusted in the simplest manner, 
just turning the rheostat up until the amperemeter shows that the 
necessary 3 to 6, or 9, or, in some cases, 15 and even 30 amperes are pass 
ing through the primary coil. Fe | 
The other factor is the resistance in the tube and this is measured by 
turning on a standard strength of current, say 6 amperes, and approxi 
mating the points connected with the two poles of the coil until a Se 
passes between them. If 6 inches is the greatest distance at which 
this discharge will take place, the tube is said to back up a 6-inch spark, 
or to have a resistance equal to a 6-inch parallel spark-gap. A tube 
with a resistance of 6 or 7 inches would be too high for most kinds 
of radiographic work. Usually such a high vacuum and consequent 
high resistance imply great penetration by the ray, and im some cases 
this is desirable, as in radiographing the roots of teeth, showing the 
teeth right through the jaw, and even the pulp canals in the roots of 
the teeth. Still even here a moderately low vacuum is often better, 
as it gives so much better contrast. | ae A 
di | f h y tclucticn soil the spintremeter, for actually the _ 
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length of spark the tube will back up is neceseitated ke +) ee | 
the preeeee dischasie: which, while akaalie leninetea the presence af 
nvaldate the milliampere reading ise a criterion ot this a. paler iat =, 
in the r-rav tube, Bias 

With a static machine the voltmeter is 4 yeefy| o: 
standard series gap is used and the usual power turn 
machine giving its accustomed output. The spintremed 
cially suitable for use with the static machine | 

With an unfluctuating generator no spintremeter ta Were: can 
resistance of the tube is shown at once by the consideration of #1 4 <r 
backed up and the number of milliamperes transmitted Thi. pense 
and the necessary regulation to make it right. hal better hens fas ing ar 
low-current values, which do not overheat the tuhe and act Rabierssers 
to permit of accuracy. It will usually be found that 4 elite: Apacs 0 
milliamperes indicate a degree of vacuum suitable far Wiaare Rice 

ray purposes. Turning on more power the current values will aohabie 
become 62 kilovolts and 25 ma., and with a great deal more = Stra 
kilovolts and about 50 ma. | Stared So 

With a transformer also the spintremeter may he dispensed wit] 
The number of milliamperes transmitted by the x-ray tube. sitlia helen 
ratio of transformation and adjustment of rheostat with a riven braid hy 
of primary current, are a sufficient guide. As an example, it may be 
stated that with rheostat button No. 11 of the Waite and Bartlett beet 
former a current of 35 milliamperes indicates a comparatively hard tube 
suitable for making a radiograph of the bismuth meal in the stomach in 
about one-fifth second with an intensifying screen. Other but tons 
of the rheostat would send 50 milliamperes or more through a tube in the 
same condition of vacuum. It would be well for evervone using a trans- 
former outfit to determine once for all the adjustment of rheostat and 
ratio of transformation for a weak current which will give a reading 
of one-tenth the current to be sent through the tube when the usual 
radiographic current is turned on. The weaker current may then be 
used in regulating the degree of vacuum in the tube. : 

Another method in which the vacuum in the tube is estimated is by 
determining the degree of penetration of the z-ray with about the usual 
amount of current. | 

1. With an excessively low vacuum there would be no light visible 
at all in the fluoroscope. 

<. With what is ordinarily regarded as a very low vacuum the 
fluorescent screen In the fluoroscope is lighted up, but if the hand 1s 
held up in front of it the entire hand appears black and opaque, and, of 
course, the bones cannot be seen throuch the flesh. 

8. With the regular low vacuum the bones show beautifully, almost 
black, the flesh clearly defined both from the much darker bones and 
irom the brilliant light of the background. 

4. With a high vacuum the flesh and bones are almost equally 
transparent and present very little contrast. Twisting a wateh chain 
around the hand, the links are seen so clearly through the bones that 
you cannot distinguish between those which are behind the hand and 
those in front. 

5. An excessively high vacuum shows some light upon the sereen 
and a grayish outline of the hand with very little evidence of the bones. 

To the experienced eye there is all the difference in the world between 
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; ‘ ee : the tube shows Very little luminosity. t is not 
sharply divided into a dark and a light hemisphere. and the tae 
portion is blotched over with patches of creenish light movine len 
a liquid. The resistance is high. The fluoroscone shows very litte 
r-ray and a very poor but not black image of the hand. In such a 
condition a tube is worthless, but lowering the vacuum will effect a 
wonderful transformation. oye 

The muilliamperemeter, which measures the quantity of current 
passing through the tube, shows a decided increase in eyrrent when the 
vacuum becomes low, and gives a useful warning of the approach of 
any great drop in vacuum during the exposure for a radiograph. ‘The 
same diminished resistance in the tube is made evident by an Increased 
amperage in the primary coil. In all these cases the same amount of 
electromotive force 1s behind the supply current and diminishing the 
resistance In any part of the apparatus increases the quantity passing 
through every part of it. ; . 

A tube that is so /ow as not to give any z-ray visible in the fuoro- 
scope seems to be filled with bluish or purple light (Fir. 435). There 
may be a blue streak extending from the center of the cathode to the 
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focus point on the anticathode. Such a tube may look almost as if it 
had been punctured. In some extreme cases it is not possible to raise 
the vacuum to the z-ray producing point by any means short of sending 
the tube to the manufacturer to be reéxhausted with an air pump: and, 
of course, this is always necessary im case of a puncture. In many 
cases, however, the vacuum has temporarily been reduced to too low 
a level by gases generated from heating the metal parts by too strong or 
too prolonged use or by incautious regulation of the vacuum, and when 
the tube has cooled these gases will be found to have been reabsorbed. 
_The Villard ozmo-requlater on certain z-ray tubes may be used to 
raise the degree of vacuum (p. 734), or the vacuum may be raised by 
turning the current on and off for short periods, and this may take five 
or ten minutes’ work. Other tubes come up quite rapidly lf a fairly 
heavy current is turned on for a few minutes, and others, especially the 
heavy anode Gundelach tubes, will come up if a reverse current is run 
through them. With some of the Miller tubes there is a raising device, 
consisting of a side tube communicating with the main bulb and con- 
taining a spiral of platinum wire: the positive wire may be connected 
with this instead of with its rerular attachment, the negative wire being 
In 1S normal position: and the normal current turned on. The current 
pase through the platinum spiral causes ahsorption of gas to take 
place, presumably by throwing off molecules of metal which absorb 
molecules of gas; and in that way the vacuum is raised in a very short 
ume. A special arrangement for raising the vacuum of a tube 1 not 
by any means necessary. The vacuum mevitably becomes higher the 
more times a tube is used, and each time it is used it is necessary to 
spend more time reducing it to the proper degree. 
To Raise the Vacuum of an z-Ray Tube Without a Regulator.—Con- 
nect the accessory aluminum electrode with the cathode and use a weak 
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eurrent. The connections are shown in Fig. 511. With reasonable 
cCATe Lf Wh ill Thi hie rm “Lue cl how low ‘ eitie r clit Ing the LPIOCeSs rif reoulati 
or durnng the exposure for taking the picture. Hence, the vacuun 
ecldom require raising and then only to an extent which can be produced 
by operating the tube for a minute or two. The sudden dropping of 
the vacuum of a tube curing operation with a heavy current is due to 
overheating of the metallic parts, and liberation of mo! 

which had been held in a state of condensation. This state of con 
densation 1s of great importance in the manufacture and manipulation 
of x-ray tubes. The matenal known as spongy platinum, the nure 


= 1 i a = :! 
metal precipitated trom a solution of one of its salts, will absorb and 


hold condensed in its pores three hundred times its own volume of 


hydrogen gas. This compression, of course, is accompanied by the 
production of heat, aril one of the aPDAraAtUs of i chemical laboratory 
before the discovery of matches was based upon this fact. Dobereiner's 
lamp consisted of a bottle containing tron filings into which a few drops 


of sulphune acid were poured, the hydrogen gas, which was evolv 
escaped by a glass tube at the tip of which was a bit of spongy platinum. 


oT 
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B 
Fig. 511.—A, Raising the vacuum in a tube which has no regulator; B, lowering the 
Vacuum. 


pufhcient heat was produced by the condensation of the hydrogen in 
the spongy platinum to raise the metal to a red heat and set fire to the 
jet of gas. The flame, thus produced, was used for exactly the same 
purposes that matches are now. There is now on the market an 
attachment for the self-lichting of Welsbach gas-burners, consisting of 
two little bells suspended over the burner. Each bell contains a bit 
of spongy platinum which becomes hot from absorption and condensa- 
tion of gas and in less than a minute the gas ignites. 

In using a heavy current, or even a moderate one for a prolonged 
exposure, the author has found it very advantageous to watch the tube 
closely and to turn off the current for awhile at the approach of this 
condition of excessive lowering of the vacuum from the sudden libera- 
tion of gas by overheated metal. It is never difficult to see that this 
is coming. The milliamperemeter sometimes registers an increased cur- 
rent from the lessened resistance in the tube, and at other times a sud- 
den drop to zero or to an excessive milliamperage in a reverse direction 
occurs. The interrupter takes on a different sound, corresponding with 
the change in the current, and a blue or steel gray color develops between 
the cathode and the anticathode. The current is turned off at this 





Pig. 512.—X-ray tube showing proper “line * of demarcation between the illuminated 
and the dark hemispheres. 


inside the tube and vaporize it by heat, and others use different gases. 
In exhausting a new x-n v tube, or one which has been sent to have a 
|. or has had to be reéxhausted for any other reason, 
eho ale of electricity has to be passed through the tube practically 
all the time that it ison the pump. This is because the simple applica- 
ton Of an air pump would not remove the molecules of gas held im a 
state of absorption by all the different metallic parts inside the tube. 


puncture repaire 


These have to be liberated by the action of a current, and this must be 
passed through all the different parts of the tube, including the regula- 
tors, and It is not unusual for the process to take one or two entire days. 
ihe result i# a tube containing so few molecules of cas that the vacuum 
will not fall below the line with ordinary care. The /ine has reference 
to the condition in which the presence af z-ray is incicated by Huores- 
cence in one hemisphere of the tube, separated by a distinct equatorial 
line from the dark hemisphere (Fig. 512). The opposite condition ts shown 
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in Fig. 513. To prevent a brand new tube from being blackene 

of course, been exhausted while only a moderate current 

and may still contain imprisoned molecules of 

the moment a powerful current is turned on. 

it hardly ever to be used for radiography unt 
using it several times for treatments. At the fac tory dur ing th: tine 


a 
a 


that the tne is on the pump and a current of elect 


through, the tube is prevented from becoming blac ke ne 
i 


first, the current is not very strong, and second, the presence of the 
eecondary an~le has a wondertul effect in preventi r this This bs ne 
ficial effect is produced even when the anode am anticathode are 
connected by 4 Wire passing etween their POU Ts outsid © the tube, 

The Mackening which always takes place im an z-ray tube which hae 
been used for any length of time 15 due to metallic particles driven off 
of the anticathods by the force of the bombardment of molecules to 
which it 1s subjected. It impairs to some extent the efficiency of the 
tube and cannot be entirely removed even by washing out the bulb 
with hydrofluoric acid. 

Two different kinds of deposit occur on the inner surface of an 
x-ray tube; some tubes develop a dull black deposit which interferes 
decidedly with the efficiency of the tube; others show a purple dis- 
coloration of the glass which does not interfere with the quality and 
intensity of the ray produced by the tube, but such a tube, on the 
contrary, is often a ‘sple nila one. 

Generally speaking, the lowest vacuum which wil produce a brilliant 
light in the tube is the best one for radiography, and this will, with most 
eos, cor respond to a resistance somewhat less than @ inches and to a 
pene tration of about one thickness of lead-foil. This would be ws haest 
for the hand or foot. <A very slizhtly hicher vacuum would be better 
for the knee or elbow and one of about 23 inches resistance would be 
best, and fOr the body about 3 inches resistance. With the powerful 
current required for pelvi lc pictures even as low a vacuum as this pro- 
duces a penetration of five or six thicknesses of lead-foil: No. 5 or 6 
Benoist. 

Testing the Quality of the x-Kay.—The author very strongly depre- 
‘ates the wae af the hand for festing the quality of the x-ray from a tna bee, 
ree ry ues who habitually uses his hand for this purpose will, sooner or 
later, dk ‘velop a painful and very probably a disabling and disfiguring 
inflammation of the skin of the hand. <A considerable number of 
ODCTaA lors have su fiers the loss of fingers OT hanel from such 4 CALS, 
and one experimenter with the z-rav, who was not a physician, 1 
reported to have had chronic inflammation from this cause which 
subsequently was the seat of cancer, which ultimately produced a fatal 
termination, but we have not learned whether there was an hereditary 
predisposition ornot. At all events the z-ray injury appears to have 
been an exciting cause of the trouble. Of course, It 8 necessary for 
the operator to hie thoroughly fanuhar with the Huoroe Sco pic appear anee 
of the hand and all other portions of the body, but no part of the living 
body should be used for the daily and hourly testing of the z-ray. 

The author's own fluorometer consists of a thin board measuring 
Si by 124 inches with a handle in the middle. Its major portion is 
covered by x-ray metal to protect the hands and face of the operator, 
while a strip about 4 inches wide extending across one end is coverce 
with tin-foil, weighing an ounce to a hundred square inches and varying 
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Fig. $14.—Henoist's improved radiochronomec ter. Appemrance WILh rays No i 


from one to ten thicknesses. ‘“Transversely across these different layers 
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extends a strip of heavy <-Tay metal lL; inches W ide with ad 
ber of perforations at irregular intervals. In using this | 
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Fig oo.—Author's fuorometer. Appear- Fig. 516.—Author's fluorometer. Appear- 
ance with rays No. 10 ance with raya No. 4. 


O16, Under the usual working conditions the number of inches of 
rezistance is about half the penetration number indicated by mv fuor- 
ometer, ee 

In Benoist's radiochromamelter (Pig. 519) the degree of vacuum in 
the tube js indicated by the thickness of aluminum which the ravs will 
penetrate. There isa central disk of silver, 0.11 mm. thick. surrounded 
by sectors of aluminum numbered from 1 to 12 according to their differ- 
ih thicknesses In millimeters. When the aluminum section 5 milli- 
meters thick easts the same depth of shadow on the Huoroscope screen 
a8 the silver disk, the tube is said to be giving out No. 5 rays and i 4 
tube « if medium penetration. A hard tube, on the contrary, gives out 
No. 7orS rays. It was No. 3 in Pig. 620). 
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Fig. 517.—Benoist’s improved radiochromometer. The different sections, such ax ¢ 
and /, are inclined toward the anticathode o Each cirenlar imape shows an outer 2ote 
The shadows of neither overlap, as is the case 


of silver and an inner disk of sluminum. 
in Fig. 515. 
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Fig. 618.—Wrong construction of Benois 
silver and aluminum overlap, co that In one part the 
dluminum, but these are not side by alde for comparison, 
| shadow of silver and sluminum. 
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Villard’s racdioscleromeler is an important Instrument for Measuring 
the degree of penetration. The z-ray snines throuch a silver disk upon 
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I 
Fig. 520.—Radiograph of youngsparrow. Benoist's rudiochromometer showing rev 
Nao. Zt. 


one quadrant of an electrometer and through an aluminum disk upon 


the other quadrant. Phe quadrants are charged by 4 Source of unitorn 


potential such as the direct 110-volt electric-light circuit. Ionization 
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Fig. 521.—Heinz-Bauer qualmeter. 


milliamperemeter and 1s graduated In figures, which indicate the same 
penetration as the same numbers of the Benoist scales. The deviation 
is independent of the intensity or quantity of the z-ray. It depends 


upon the relative amount of rays passing through the aluminum as com- 
pared with that passing through the silver disk. caer ae 
"The Heinz-Bauver qualimeter 15 mm effect a voltmeter applied ry 
the cathode terminal of an induction-coil or transformer. rhe grad- 
uations correspond to different degrees of penetration 1D the z-ray 


produced. 
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1 Penetrating quality of the hght. A com; 
of vacuum dunng the exposure would, of course, ret 
of the exposure useless or possibly deleterious. It 1 
arainst by watching the appearance of the tube both with 
eve and with the fuorometer, a5 well as the two meters whic 
amount of current Passing through the primary eo ancl 
passing through the tube iteelf. 

Some tubes become high after the current has been turned ona little 
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time, and when this is very marked 1t 1s rather a worse fault than the 
other. <A tube which has a tendency to become low by the evolution 
of gas may be coaxed along at a uniform degree of Vacuum by several 
short exposures so as to get the full time with a powerful current. But 
with the other kind of a tube you either have to resign vourself to an 
increasinely hich vacuum or else stop and regulate the vacuum in the 
tube. This may take several minutes and the effect in such a case is 
only momentary. An automatic regulator (Queen) may in some cases 
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be set so as to keep the vacuum from becoming too hich. 

To Lower the Vacuum in a Tube Without a Requlator.—Connect the 
aluminum accessory electrode to the anticathode and use a Sstrone cur- 
rent. ‘he connections are shown in Fig. 511, B. = 

The vacuum of a tube which has no regulator may be lowered by 
heatmg the tube gradually with an alcohol lamp, not, of course, while 
the current ts on; or the tube may be boiled in oil for half an hour. 

A non-regulatme z-ray tube which has become hard from exhaustion 
of the gaseous contents through use may return to its original degree of 
vacuum i it is laid aside for a certain number of days or weeks, or 
the same result may be obtained by baking the tube in an ordinary 
OVE 30 & temperature of three or four hundred degrees Fahrenheit. 
In either case molecules of gas are liberated from the metallic parts of 
the tube and the deposit on its inner surface by which they had been 
absorbed. : . 

- The regulating devices for reducing the degree of vacuum form the 
distinctive features of the different types of z-ray tubes and are described 
on pp. 734 to 737, : 

Different Results from High and Low Tubes.—The difference 
between & radiograph taken with a hich and one with a low vacuum 
= chiefly that the low vacuum Fives preater contrast between port Lon 
having different densities; while the hich degree of vacuum sometimes 
gives better definition. 
on With a static machine a tube is required to have a very much higher 
vacuum than with a coil, but the use of the static machine in radiog- 
raphy is considered in another section. 
me, e often hear the statement that a picture can be made in a shorter 

2 With a high than with a low vacuum, but, coupled with this state- 
ment, we usually find indications that the observer does not discriminate 
clearly the lack of effect due to the absence of intensity or brilliancy and 
the lack of penetration due to a low vacuum in its strict sense. A low 
vacuum, of course, is a condition in which there is a large amount of 
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one which will penetrate ten thicknesses of lead-foil without appreciable 
absorption. As Dr. Codman says, a radiograph is a chart of the different 
densities of the parts depicted. 

_ The fackness and densily of the part have a very great bearing upon 
the length ol exposure and the intensity of the radiation required, 
Generally speaking, In order to produce a good picture, the tube must 
give 4 powerful enough ray to enable us to see nicely through the part 
with the fluoroscope. Almost everywhere the raciograph will show 
only the same thines as the fuoroscope, but show them better. With 
practice 1t becomes an easy matter to judce of the decree of vacuum. 
strength of current, length of exposure, and all the other factors for any 
portion of the body without making a preliminary fluoroscopic test. 
The lungs are almost transparent and pictures of the chest can be made 
with APDaratus hardly Strong enough for a pelvic picture. Up to the 
year 1906 the z-ray in one of the lareest hospitals in New York was 
produced by a static machine with which it required eight minutes 
to take a picture of the chest and with which it would have taken forty 
minutes or so for a hip-joint. In these days, of course, such a length 
of exposure would be prohibitory. While the weak radiation might 
very well produce no bad effect upon the patient’s tissues, the length 
of exposure required would occasion anxiety on the part of the patient, 
who, of course, has heard of z-ray burns and who may have heard of 
the practicability of taking pictures of the hip in from ten to one hundred 
seconds. The same apparatus, of course, will take a picture of a hand 
in quite 4 reasonable length of time. Bone is very much less trans- 
parent to the z-ray than flesh and the teeth are still less transparent. 
As we shall see on another page there is no difficulty at all about making 
& picture showing the roots of the teeth right through the jaw-bone, and 
what we consider a good radiograph shows even the entire nerve or 
pulp canal in the tooth and its roots. The greater the density and 
thickness of the part to be penctrated, the stronger the current must 
be and within very much narrower limits, the higher the vacuum must 

. Various tables have been prepared showing the relative density 
of different parts of the body and various other substances. It appears, 
however, to be a safe generalization to say that the resistance to the pas- 
sage of the x-ray is greater for substances with greater specific gravity. 
This leads to some surprising results, With the fluoroscope we can sce 
right through « black leather case, but the thin perfectly clear colorless 
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graph shows the nearly transparent 
ribs and heart, and lower down the : 
that the abclomimal contents are les 
more 20 than the lungs. The uppermost 
mor opaque object than the upper part of the chest 

The effect of ordinary light upon a photorrsa plate exposed 
directly to it, not im a camera, for a certain period of time is less the 
further the light is from the plate, This deeresse in photochemic 
effect is considerably creater than would follow from the | 
illumination diminishes in proportion to the square of the distance. 
The distances in x-ray work do not vary so much however ne te nent 
date the law as to the square of the distance. but the thickness and 
density of Paris of the bos ly form a most important factor in the calcula- 
tion. The practical application of the principles involved will be 
considered when describing the radiography of special parts of the 
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body. 

The Position of the Tube.—When an z-ray tube of the ordinary 
pattern is in operation, the tube is seen to be divided into a dark and an 
lluminated hemisphere by an oblique plane, which corresponds closel, 
with the plane of the anticathode. Behind this plane there is very 
little z-ray to be seen with the fluoroscope. The statement is often 
made that the direction of greatest Intensity of the -ray 18 in a line 
drawn perpendicular to the center of the anticathode and, hence, 
coinciding with the middle of the illuminated hemisphere. Other 
authors state that the greatest intensity is in a line forming a natural 
angle of reflection between the cathode stream where jt strikes the 
anticathode and the r-Tray origimating there. According to my own 
observations on tubes of several different patterns, the Intensity of the 
r-ray 1s the same in every direction in the lighted hemisphere until the 
dividing line i= almost reached. Theoretically, the r-ray should be 
equally diffused in every direction from the point of impact of the 
cathode stream upon the anticathode. and the clark hemisphere should 
bye merely the shadow of the anticathode. In testing this matter the 
tube has been placed with its axis horizontal and has been operated by 
currents of dificrent derrees of strength and observed by means of the 
fuoroscope and various test objects, like the hand and a pin-cushion. 
The author has found that for the same strength of current and the 
same distance from the tube, the intensity of the z-ray was the same in 
every direction corresponding to the Uluminated half of the tube. And 
the same result was obtained when the tube was placed vertically. 

It is much more convenient. in adjusting the tube and conducting 
cords so that there shall be no danger of the patient receiving a spark 
trom the cords or the tips of the tube, to place the tube so as to use 

the rays which come at a right angle to the axis of the tube. So that, 
43 4 rule, the plate is upon the table, the portion to be radiographed 
resting upon the plate, and the z-ray tube with its axis horizontal and 
the anticathode directly above the center of the plate. And, a3 a 
rule, the two conducting cords, either of uncovered spiral steel 
spring wire, yt, inch thick, or of thin flexible insulated copper 
Wire Wound on epring reels, extend directly from the poles of the eo 
to the two tips of the z-ray tube. The simplest arrangement is to 
place the tube so that the positive and the negative tips are equally 
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tubes of | 
that the greatest amount of heat : 
pendicular to the surface of the anticathode, and under certain 
circumstances some tubes which are producing practically no z-ray 
Will give an Occasional distinct flicker m a direction decidedly bevond 
the angie of retiection of the cathode ray when it stnkes the anticathode. 
This, I think, is due to the irrerular cathode rave not being accurately 
focused ONT) the anticathode. some of them Das hevorne the anti- 
cathode and strike the glass wall of the tube, giving origin to the 
z-ray there. , ' | 
The Strength of Current in the Primary Coil.—This is the great 
factor in regulating the intensity of the z-ray fromatube. Withsome coils 
or transformers quite a beautiful z-ray mav be produced with as low as3 
amperes; while other tubes and coils or transformers are made to stand a 
primary current of 30 or 40 amperes for ashort time. Other things being 
equal, the heavier the primary current, the shorter the time required and 
the thicker the tissue through which a successful radiograph may be made. 
A current twice as strong will produce a picture m about one-tenth as 
long atime. Too heavy a current for the individual apparatus, of course, 
may burn out either the primary or the secondary coil; the excessive 
intensity causing the current to break through the insulation separating 
the different turns in the coils. A hundred dollars worth of wire may 
thus be mined in a flash. The fuses down in the cellar and elsewhere 
alone the feed-wires are to prevent such an accident and should be 
of such capacity as to permit the passage of only such a strength ol 
current as may safelv be used. Even then a too long-continued How 
of a heavy current throush the primary will heat up the thin wire in 
the secondary coil and may break down its insulation. A 12-inch coll 
should stand a primary current of 110 volts and 15 amperes for a munute 
at a time without trouble, and this should be long enough for the entire 
exposure for anv picture, and a very much shorter time will ordinarily 
be sufficient. There are very few tubes made which will stand so heavy 
a current fora minute atatime. A Gundelach heavy anode tube, type 
G. with a bulb 26 inches in circumference and measuring 23 inches 
from tip to tip, has, im my hands, stood precisely such a test suc 
cessfully. ‘The majority of tubes will break down under such a strain. 
The tube may puncture or the anticathode may melt, or the vacuum 
may fall to such an extent that the production of effective x-ray 
ceases. Some other tubes may be used with as heavy a current as 
this by an intermittent exposure to prevent the tube from becoming 
overheated. A primary current of 10 amperes may be considered co 
the minimum for general radiography with a 12-inch coil, and any 
50-centimeter rating or over, with a heavy anode or a water- 
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The weaker primary currents of 6 to 6 amperes work very 


produce a 


“Th S—pnet col aril with tubes of 25- to 10-centimeter rntine 

elsewhere, any conditions which produce a good fluoroscopic 

of the part in question will produce a good picture, if the plate has ¢ 
proper degree of sensitiveness and the exposure is properly timed with 
relation to the other factors. 

Generally speaking, the intensity of the radiance is increasec] or 
diminished by using a stronger or a weaker current through the primary 
coil, and to a great extent the same instruments regulate both the 
amperage and the voltage of this current. The 110-volt direct eqrrent 
of the elect ric-licht circuit PASSES through Our liquid Intermupters ane] 
iron wire rheostats, and enters the primary coil as a current of only 
80 or 90 volts and with a volume of 15 to 18 amperes for routine 
Work. 

Reduet won of Voltage.—There are several ways in which the voltage 
may be still further reduced and the same amperage maintained. 
the usual way is by means of a shunt cireuit, the electriclight current 
wire dividing and part of the current passing through a suitable resist- 
ance, entirely separate and independent, the other part of the current 
PaSS Ln through the f-lay apparatus. lf we have an Amperemeter 
at the wall socket measuring the total amount of current passing and 
another measuring the amount passing through the primary coil, the 
difference between the two will indicate the reduction in the voltave in 
the primary coil. Where a current divides in this way between two 
paths the volume, or nperage, passing throuch each is Inversely 
proportional to the resistance, and the voltage in each is directly pro- 
portional to the amperage. Or a voltmeter may be placed upon the 
primary circuit, which will indicate directly the number of volts passing 
through the primary coil. A voltmeter may be made in the same way 
as a galvanometer, but so adjusted that the readings on the dial are in 
volts. There are two principal types of amperemeters, in one the 
hand is moved by the various lengthening of a wire which becomes 
hot during the passage of currents of different volumes; in the other the 
hand Is moved by the effect of a current through a Wire, Or a coil of wire, 
surrounding a magnetic needle and tending to cause the needle to assume 
& position at right angles to the direction of the current. This is a 
comparatively simple matter and the reading is in amperes or milliam- 
Peres, 85 the cist may be, regardless of the voltage of the current or the 
resistance in the circuit. The same types of instrument serve as volt- 
meters, but, of course, in the graduation of the instrument in volts it is 
necessary that the resistance in the circuit shall be a constant, not a 
vanable, quantity. With a uniform resistance the amount of the 
CUITENnL directly proportional to the voltage: the amount of the 
current or amperage is what deflects the hand, but it also indicates the 
voltage or electromotive force which drives that amount of current 
through an unvarying resistance. The graduations upon amperemeters 
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sth “ “ ery Pr tine cum t passes through the liquid, so that i 
volt dire ct current 1s shunted through dilute sulphurie acid, 1° Bea 
Lie wi ae6 12 reduced to akiit ris 
_ \ ery srencrnt # of the Operalors in Lurope use a current of 60 or Si) volts 
fOr t-1e) WOK, obtaining 1t usually by means of a shunt-controller In 
the United States, however, most of the z-ray coils are made to use the 
| 10-volt or even the 220-volt currents, reduced only slightly in voltage 
oy the ordinary resistance of the rheostat and interrupter. — | 
_ The regulation of volume of the primary current for x-ray work varies 
irom 3 or 4 up to 30 or 40 amperes, according to the nature of the pic- 
ture to be made and the character of the tube and other apparatus em- 
ployed. Two different forms of rheostat are in very common use for 
regulating the amount of current admitted to the apparatus from the 
electric-light circuit. The current in the latter, of course, is perfectly 
enormous, a5 1s easily discovered by short circuiting it, for example, by 
touching the outlet and inlet wires with a pen-knife blade. There is 
a blinding flash of light and a piece of the knife blade is actual ¥ burnt 
right out. With any properly installed system of wiring there are 
fuses in the cellar and elsewhere which burn out when an excessive 
current like this 1s turned on by accident or by mistake, and the whole 
system becomes dead almost as soon as the flash occurs. Without 
such protection by fuses any electric-light current would be a source 
of the very greatest danger from fire, and even with 1t the very greatest 
attention should be paid to the proper insulation of the entire apparatus 
and wires. It is important to remember that the secondary current 
is of such high tension that it will break through practically any msula- 
tion, and that the wires leading from the coil to the tube must not be 
allowed to touch any other wires. If they do there will be a spark 
and an odor of burnt rubber, anything inflammable may catch fire, the 
fuses all burn out, and the current stops. The insulation of both wires 
is burnt through and then you have a couple of wires with permanently 
defective insulation. This last result is not so important in the case 
of the wires leading to the tube; they are not supposed to be fully 
insulated and, indeed, some of my favorite cords are fine bare iron 
springs. And in these cords the volume of current is very small, some- 
where around 2 to 10 milliamperes, from which the danger of fire 1s nil. 
And again, these wires are only charged when in actual use and are then 
suspended in mid-air between the poles of the coil and the tips of the 
tube. The primary wires, however, carry a current of perfectly tremen- 
dous possibilities, are charged all the time except when the main switch 
is turned off, and are frequently in proximity to wood-work or drapery; 
And are very frequently indeed in contact with other wires, When 
we speak of the current in the primary wires as having such enormous 
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The quantity of water and the press 


fo present such friction or resistance that only a stream of the desire 
magnitude can escape. In the case of the electric-light circuit ther 
i enouch volume of electricity im the strect maim to run a number of 


laree motors and thousands of electric lights. The amount of current 
which will pass through any apparatus is determined by its resistance 
which corresponds no the size of the Opening at the WAter-tap or faucet. 
Diminish the resistance and as heavy a current may be obtained as is 
desired, do away with the resistance altogether by short-circuiting the 
current, andl you have done almost the equivalent of making a break in 
the water-main and you get a perfectly tremendous discharge, but. 
fortunately, one which 1s almost instantly cut off by the burning out of 
the fuses all along the line from the apparatus to the mam. Usually 
the apparatus itself will escape unharmed, but, of course, there ts always 
the possibility of burning out the primary or secondary coil and changing 
a hundred dollars’ worth of wire into twenty or thirty pounds of copper, 
and, of course, there should always be means at hand for extinguishing 
any slight conflagrations; or, it is better still not to have wood or 
drapery or carpets around. The only time that the ‘present author 
ever had to extinguish a blaze was in connection with some absorbent 
COTTON placed in the box contain Tit 4 Caldwell liquid interrupter, tia 
deaden the noise. This became ignited from the slight spark which 
it is hard to obviate at the contact between the lead electrodes and the 
copper conducting cords. 
_ The heaviest current which will pass through a Caldwell interrupter 
is Irom 9 to 1] amperes; this ts without any rheostat and simply the 
esistance presented by the coil itself and for a Very Preat Many raclio- 
graphs this strength of current will be found to be ample. 
_ Rate and Character of Interruptions.—In the Caldirell or Simon 
viterrupter, for they made the invention independently and at about the 
sane time, the priority I think belonging to Caldwell, the supply current 
passes through dilute sulphuric acid, about one to six. One lead 
electrode dips into acid in an inner beaker of tough porcelain through 
which pin-holes establish communication with dilute acid in the outer 
jar in which dips the other lead electrode. It docs not matter which is 
positive and which is negative. When a heavy current is passed through 
such a0 apparatus the resistance is very great at the pin-holes, where 
the size of the conductor is very small. ‘The liquid conductor actually 
boils at these points and bubbles of vapor fill the pin-holes and for a 
moment the connection is broken. The current begins to flow again 
the moment the bubble collapses or escapes, and in some interrupters 
of this type the current is made and broken ten thousand times a minute. 
The dilute acid is an electrolyte or fluid in which electrolysis takes 
place and, consequently, bubbles of hydrogen gas are liberated at the 





imitating 
When the bound cet 
, it 15 |i airable to have 
itches to connect different ones with the coil. - If theer 
i beme 


adapted to the case in hand. The smaller 


LT a i 
sizes we have thi 


the pin-holes the more rap 

ich impulse sent through the tube by the: Secondary coll. This t cL 
dezideratum for treatment and for the lighter forms of radioeranhy. 
while for the heavier radiographic work such an interrupter should 
have large pin-holes. With the small pim-holes the primary current 
when turned on fullisonly 3 or 4 amperes, while with large holes it may 
be as heavy as 11 amperes. There arc, of course, modifications of this 
simple type, and in one of them the size of the communication between 
the two portions of fluid can be regulated by the motion of a conic 
plug, which more or less completely fills the hole. Lp to the limit of 


are the interruptions and the less powerful 


its capacity the Caldwell interrupter 1s one of the most satisfactory in 
the production of a brilliant steady z-rachanec. 

The Wehnelt interrupter consists of a single jar of dilute sulphune 
acid. The nerative electrode is of lead; the positive electrode or anode 
being a platinum rod enclosed in a closely fitting, very tough, porcelain 
tube and the distance that 1t projects beyond the end of the tube can 
be regulated. The greater the surface of the platinum poimt exposed 
to the fluid, the more powerful is the current and m a general way 
the slower sre the interruptions. When in active operation the 
platinum point is seen enveloped in a regular flame and the fluid about 
it is cloudy and fiercely agitated. The probable cause of the mterrup- 
tions is the production of a layer of steam covering the whole suriace 
of the platinum point. There is, however, vigorous electrolysis going 
on with the generation of hydrogen chiefly at the negative pole and of 
oxygen chiefly at the platinum point forming the anode. And owimg 
to self-inductanee and an inverse current in the primary circuit, there 1s 
alco, to a lesser extent, a liberation of hvdrogen at the anode. The 
bubbles of gas do not form a sufficiently uniform covering on the anode 
to account for the interruptions, though they doubtless exert an influence 
upon the nature of the interruptions produced. With this interrupter 
the fluid becomes hot and the apparatus fails to work after continuous 
use, so that it is necessary either to have one containing a very large 
amount of liquid or to have more than one interrupter. The Wehnelt 
interrupter is often made with more than one anode and if so the plati- 
num tips may be of different sizes. There is the same necessity for 
ventilation in order to avoid explosion. The Wehnelt interrupter must 
not be run with the poles reversed. If the negative wire is connected 
with the platinum point and the positive wire with the lead electrode 
the interruptions, if produced at all, are of a deeper and rougher sound 
and the current very quickly corrodes the platinum point. For this 
reason the Wehnelt interrupter is not suitable for use with an alternating 
eurrent, or, if it is so used, the expensive platinum point should be 
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Mechanic interrupters are made on two different principles. [np 
the older type the contact 1s made and broken by the vibration of an 


armature im front of an é@lectromagcnect. The PIUIMAry Current. Or a 


shunted portion of the primary current, passes through a coil of wire 


surrounding a core of soft iron which becomes a powerful maenect the 
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Fig. 52i—Improved Queen independent vibrating interrupter. 


On it Spring, toward it, and thus the connection 1s broken and, of COuUrSE, 
the Iron CEASES to be 4 MACnetT anc allows the armature to spring back 
to Its original position, where the contact is again made. (me of the 
supply wires leading from the wall socket to the apparatus is cut im 
two and one end 1§ connected with the armature and the other is con- 
nected with the metal against which the armature is pressed by the 
spring. The rate of vibration depends partly upon the weight of the 
armature and partly upon the distance it has to travel, and this is 
usually adjustable by means of a screw. Such an interrupter of an 
improved design is shown in Fig. 523. The Interniptions produced are 
much slower than is the ease with a liquid interrupter and it is not 
suitable for the heaviest currents, so that its utility in raciorraphy 13 
somewhat limited. It is especially useful for treatment work because 
le Can be run all day long. 

The Wappler Mechanic Interrupter—Another mechanic interrupter 
has recently been developed, by different manufacturers In America 
and Europe, along slightly different lines. Essentially it depends 
upon the revolution of a wheel in which two opposite spokes are 
formed by a single permanent magnet. This is placed near the end of 
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ole of the magnet as near as possi 
By the time it has reached this position the } 
the circuit has occurred, the iron core is no longer an electromacnet 
and the momentum of the wheel carrics it around to such a position that 
the newly and oppositely magnetized iron core attracts the other pole of 
the revolving magnet. The motion is a continuous one, resembling that 
ofa windwheelorawater-mul. The rapidity of revolution may be varied 
by changing the distance between the revol Ving and stationary Magnets, 
The contact occurs between two flat metal surfaces, 3 inch in diameter. 
and there is consilcrable sparking. The interrupter is.contained in a 
box lined with sheet-iron to prevent the sparks from setting fire to the 
box or neighboring objects. If too strong a current is turned on. orif the 
interrupter 1s not working properly, the contact surfaces may become 
welded together. This is not a serious accident, however, for usually only 
a small part of the two surfaces adhere to each other and they are easily 
separated and smoothed again. <A con- : ; 
denser weighing five or ten pounds ts re- 
quired with this mterrupter and a rheostat 
with a minimum of § anda maximum of 
16 ohms resistance. This will interrupt a 
current of as little as 4+ ampere and as 
much as 5 or 10 or with special con- 
densers even 20 amperes. It 1s especially 
useful for high-frequency currents and 
for z-ray treatment tubes for contact 
application where the strength of current 
must beverysmall. It is mace especially 
for the 110-volt direet current, but can 
be used with an alternating current and 
an electrolytic rectifier. It causes a 
Muller No. 15 x-ray tube to produce a 
suitable radiance for therapeutic ust. lt Ho-volt derect current 
is available also for radiography and yy, 594.—Connections for wheel 
fives better contrast, but takes-a little interrupters, 
longer than the liquid interrupters with 
very much heavier currents. A 5-ampere current with this mterrupter 
will produce a radiograph of the frontal sinus in a minute which 1 
about as good’as that produced by 18 amperes with a Wehnelt inter- 
rupter in thirty seconds. F 
Wheel Interrupters with Mercury Jet and Illuminating Gas Are 
Suppression. —Drault and some of the other European manufacturers 
make a wheel interrupter on the same principle as the Wappler iInter= 
rupter, except that the motion of the revolving magnet actuates 4 
mercury jet interrupter (Fig. 525). The interruptions take place in 4 
closed iron cylinder filled with illuminating gas which is non-combustible 
In the absence of air. This prevents the oxidation of the mercury and 
iron Which takes place when alcohol is used to suppress arcing. , 
apparatus, therefore, requires less cleaning. The same claims are made 
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Fig. 525.—Wheel interrupter with mercury jet Fig. 526.—The Hotax intermupter. 


and illuminabing jut. 
= ee ee, a) F ” rr < : ar) So 1 - ies ‘ : 
7 he Ratar Inierr upter i [ Le. Pty te all rhs = mace by t Le Sanitas ¢ om- 
pany of Berlin, and is a mercury interrupter in which the arcing 15 
The metallic vesse] contain Ing the 


suppressed by petroleum oil. 
Mercury revo Ives ata hich rate of speed. The mercury is held ag rainst 
two insulated 


the side of the vessel by centrifugal force and there are 
serments which break the contact between a metal rod COMME ting Ww Ith 
the other pole and the revolving mercurv. The claim is mace for it 
that it will work with any voltage, or that it can be usec with a storage- 
battery or with the direct electric- light current. It is also said to 
give much leas inverse discharge than the Wehnelt or the mercury jet 
interrupter. The racdiozraphic and fluoroscopic results should be 
correspondingly better. 
The Villard Int rrupler | for willernaling and Treple - pase 
A vibrating strip of soft iron is placed between the arms of a permanent 
horse-shoc magnet and carries at its distal extremity a strip of nickel, 
which dips into metallic me rcury when the vibrating iron is attracted 
by the lower pole of the magnet, and is raised out of the mere ury when 
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interrupter with only two of 

the wires supplying the cur- 

rent. An interrupter upon 

this principle is shown im 
Fie. 527. 

Ordinary vibrating inter- 
rupiers of the type famuliar 
in the faradie coil are not 
sultable where heavy cur- 
rents are to be employed. 

A condenser is always re- 
quired’ when such an inter- 
rupter is used. 

Among the earlier types 
of apparatus was the Edison 
make and break wheel mak- _ 

Ing S00) to 280.000 revolu- Fig. s2i-—Electromagnetic interrupter for alter- 
tions a minute when min by nating or triple-phase currents, 

a scparate motor. It required a blower to extinguish arcs and made a 
great deal of noise. The switch was so arranged as to start the inter- 
rupter before the primary current was turned on. The Willvoung 
ILerTUptcr Wis similar, but the contact pomts were immersed in oil, 
Which reduced the arcing and noise. 

The Johnston interrupter, made by the Westinghouse Company, is a 
mechanic interrupter in which an electric motor rotates an inclined 
shaft whose lower end is immersed in oil or aleohol. covering the contact 
points. 

With the Caldwell or Simon and with the Wehnelt interrupter no 
condenser is required, but for any form of mechanic interrupter a 
conde NSer 15 neeessary. This consists of a number of sheets of tin-fol 
In two series of layers, one series connected with one wire and the other 
series dovetailing between and connected with the other wire. All these 
different picces of tin-foil are insulated from each other by sheets of 
paraffin paper or mica. When a current of electricity passing through 
a primary coil is suddenly Interrupted, a certain amount of charge, or 
difference in potential, is found to be present in the primary coil, and 
this, of course, produces a current in the primary coil which will have 
an effect. m turn, upon the spark discharge of the secondary coll, The | 

large surface of the condenser forms a sort of reservoir for this cha re, | 
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“The Self-inductance in the Primary Coil.—The primary coil ts 


of comparatively thick wire, wound upon a long SPM, and may be im 
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q single laver or in eeveral lavers. Lf the latter, the self-inductance 


may be variable by means of plugs or screws, so that the current may 
Dass through only one Inver or through rwo ‘Or More. In the ALOT 
nase the cv nections may be such that the different layers in et DOr 
one continuous circuit like the thread on a spool, or they may torm two 
or more parallel circuits. There 15 an induced current produced in 
any Wire near anot her in which | current or elect ricity Passes, ATLL LOLs 
is produced even if the two wires in question are but parts of the same 
wire coiled in several turns. Lewis Jones,’ of London, has publish dd 
very valuable tracings showing the difference between the waves of 
electricity produced in the secondary coil by varying the self-induct :On 
in the primary. He finds that for therapeutic purposes (faradic coils 
very much smaller than the induction-coils for x-ray work) the secondary 
current, produced with a small self-induction in the primary, Is more 
effective in producing muscular contraction and less paimful than with 
laree self-induction. The difference in the tracings shows that with 
small self-inductance the make and break currents reach their maximum 
at one bound and come down to the level by a short steep curve; whereas 
the return to the zero line in the secondary current when there 1s large 
self-induction is by a long inclined line. In the case of x-ray coils the 
practical value of variable self-induction consists in the fact that a tube 
with a high vacuum generally works better with great self-induction and 
vice versa. This is because the tube with the higher vacuum requires a 
more powerful secondary discharge, and this is just what is produced by 
a primary coil with large self-induction. Diseonnecting the x-ray tube 
and observing merely the spark passing between the poles of the coil, 
the spark is about twice as long and twice as heavy with high =elf- 
Induction as with little celf-induction. The author has made such an 
experiment with a 12-inch coil, a Caldwell interrupter with small holes, 
and the rheostat resistance all out, so that there Is no external resistance 
to the 110-volt direct current. With the long primary winding and 
consequent high self-inductance a heavy spark passed across a space of 
finches, and with the small self-inductance a lichter spark passed across 
& space of only 34 inches. In the case of the greater self-induction 
and the longer and heavier spark the amMperemeter showed that only 
$ amperes were flowing through the primarv coil, while in the other case 
almost 5 amperes were flowing. The longer primary coil of wire, of 
COUrSt, Presents more resistance (analogous to friction), and then, again, 
the induction of a heavier secondary discharge represents an increased 
amount of work done, so that there are two ways in which the quantity 
of electricity passing through the primary coil is varied by conditions 
in the coil itself. The same thing which is true of the spark between 
disconnected poles of the coil is also true, in a general way, of the 
effect produced upon an z-ray tube. But here there are several other 
"Brit. Med. Journal, Oct.S, 1904; Trans. Archives d'Elec, Med., Nov. 10, 1904. 
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favorable radiance, the actual taking of the picture is larrely a 

of using the PDO THEr streney h of current and clura [ lon of EA POSur required 
for the part of the bo ly to be ra LOST i] ect. 

The Amount of Current Passing Through the Tube.—The volume 
of the secondary current, as shown by the fatness of the spark: between 
the poles, Is ereater when more of the platinum pont LS eX Posed in the 
Wehnelt interrupter , the primary current is stronger as tn ATHpelrace, 
and the Interruptions are less rapic. The heavier secondary discharee 
throws ak heavier charee through the <-TaV tube ancl CAUSe5 the anti- 
cathode to heat Up more quickly, Too heavy all charge will make the 
platinum white-hot at the focus point and in another instant fuse the 
platmum. There is warning enough of this, however. by the white heat 
of the platinum and by the streak startine from the focus pomt and 
extending at a right anele to the bluish cathode stream. which also be- 
comes visible. When such an accident occurs it is the end of the tube 
as far as that exposure goes, but later, after it has cooled. it may be found 
still quite serviceable, and the author has taken many a pelvie picture 
with a heavy anticathode in just this damaged condition. For hehter 
work where creater detail is possible, of course. a tube with an unbroken 
surface at the focus point would be preferable. The charge which one 
tube will stand for thirty seconds might easily burn a hole as larce as 
the lead of a pencil completely through the disk in another tube. Gen- 
erally speaking, the larger the tube and the heavier the antieathode 
the heavier current it is intended to stand. The charge 1s sometimes 
increased by inereasing the self-inductance in the primary coil, by 
Increasing the lensth of the platinum point exposed in the Wehnelt 
interrupter, and by reducing the resistance in the rheostat. The 
relation between regulation of the primary current by varying the 
Theostat and by Varyines the Wehnelt interrupter are important. In 
my OWN experiments a primary current of 10 amperes, as produced by 
the use of the Wehnelt without any rheostat, produces an incomparably 
better z-radiance than by exposing a greater length of platinum in the 
interrupter and reducing the current to 10 amperes by increasing the 
resistance in the rheostat. In fact, a O-ampere current produced by 
regulating the Wehnelt alone gives very much better results than a 
{2-ampere current produced by the other method. With the rheostat 
resistance and a large surface of platinum exposed the interruptions 
are halting and irregular, the secondary discharge weak and intermittent, 
and the z-radiance weak and flickering. 

The quantity of electricity passing through the tube is a very great 
deal miialles than the quantity passing through the primary coil. The 
latter for a great many cases is about 10 amperes, while the former is 
often between 2 and 3 milliamperes. The potential or voltage of the 
discharge from the secondary coil is somewhere in the region of a 
thousand times that of the 110-volt primary circuit, but the quan- 

tity of electricity in the secondary is only about a,5,9 part as much 
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vanometer, and Snooks’ and Weston’s are electromacnetic ralvanom 
eters. The secret of success seems to have been the discarding of 
the idea that tremendous instillation 18 Necessary The difference in 
potential at different parts of the same wire leading from the coil to 
the x-ray tube 15 comparatively small. The hot wire milliamperemeter 
resisters the same, no matter how much the inverse discharce mav be 
interfering with the operation of the tube, while the clectromaegnetie 
meter shows this effect at once. These meters are usuatly marked 
from 0 to 10 milliamperes for use with a coil, and from 0 to 2 milli- 
amperes when a static machine is used. This represents about the usual 
difference in power between the z-raciance produced by the coil and 
the static machine. The current passing through the tube measures. of 
course, not only the power generated by the coil but also the resistance 
in the tube, and this varies with its derree of vacuum. so that the instru- 
ment is of service in estimating the power of different coils and also for 
showing the condition of the tube at every instant of the exposure in 
making aradiograph. To a certain extent it indicates the effectiveness of 
the ray produced, and in this way serves as a guide to the lensth of time 
required for the exposure. The same. of course. holes true fl rerarc 
to the therapeutic use of the x-ray. All this, however, is valueless and 
even misleading unless combined with the many other factors already 
alluded LO for obtaiming or recoenizing the proper quality of radiance. 
It is especially Important not to rely upon this milliamperemeter on 
the secondary CIFcult to the exclusion or neglect of the amperemeter 
on the primary circuit. The latter indicates the amount of current 
admitted to the apparatus; it shows whether there is danger of burning 
out the primary or secondary coil or the rheostat or any of the fuses. 
If one is doing heavy work at all it is absolutely essential to the safety 
of the apparatus to have an amperemeter on the primary circuit, and 
with it one can very well accomplish every desirable effect without the 
mullamperemeter on the secondary circuit, this beg in radiozraphy 
only a valuable ACCESSOry. ; My = r. 
fenee epee Sema bee exact results when a Villard soupape 
the inverse Sechaven< bel the a Y oe vellae the x-ray tube to prevent 
equivalent 3 EF inact ‘9 a st : sie veel rather varue unless the spark 
It happens ve an 1 the Err eT ae “30s 
Scie avectinn oc. th i nee ene peer indicates 4 current in the 
nok Suppressed but that it Saale se inverse checharge not ONT 22 
condition may ae sates iS a ln soe of the cirect discharge. This 
BES chee teed Be hee iW pee uction of 4 good radiograph, orot a 
direct discharge, which is Suda anh monctole H aah ding there is also a good 
when there a eonticable ante oe, Say Als \s_a rule, however, 
deficient; and condiderable inverse discerns ~ ener tees saree I 
Wear and tear upon the tube. __ Scharge always produces excessive 
' Lewis Jones, Le Radium, September 15, 1905, p. 300. 
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Fig. 528.—Point and plate spark-gap to prevent inverse discharge. 


Backing for the Plate in Radiography.—There are many con- 
ditions in which it is desirable that more or less of the patient's weight 
shall rest upon the pl ite. This makes mv backing for x-ray plates 
very desirable. It Shee a board, measuring 14 by 17 inches and 
inch thick, covered on its lower surface by smooth cardboard and 
on its upper surface by z-ray metal and bound around the edges with 
adhesive plaster. It is thin enough to be placed upon the table under 
any part of the patient without dise omfort, and strong enough to prevent 
the plate from breaking under the weight of the heaviest patient. Its 
under surface is smooth enough not to seratch the polished wood top 
of a table, and its strength is such that it may be used on top of cushions 
or in bed, where otherwise the patient's weight would assuredly break 
the photographic plate. The x-ray metal surface prevents diffused 
rays from reaching the plate from behina. | 

Radiographs Made With a Single Flash.—This is only practicable 
with a mechanie interrupter. <A single ex: ample will show the principle 
upon which this depends. If the interrupter is of the vibrating type 
it is serewed eo far back that it cannot make contacts by simple vibra- 
tion, then it is pressed into contact and the primary current is turned 
on. The vibrator is suddenly released by the hand which has been 
i Exposition de Physique, April, 107, 
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holding it and a single Permanent break occurs in the primary current 
and a single induction discharge passes through the x-ray tube. The 
should be stronger than 14 ordinanly employe f the z-ray 
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current 
tube i absolutely in readiness, 
a really instantaneous z-ray picture may be obtained. The amount of 
impression upon the plate in such a short time will, of course. | 

slitht and only some thin portion like the hand can be well ) 

By using the negative cmematograph film between two intenaifvine 
sereens the heart may be radiographed nm motion. A number of euch 
pictures, taken at different parts of the cardiae cyelé, could be used in 
the cincmatograph to show the heart in motion. 

Fluorophotography.—1his process, which consists in making a 
photograph of the image on a fluoreseent screen, was first published 
by Dr. J. M. Blever It does not seem to present any advantage aves 
ordinary radiography directly upon the plate or film, unless one desires 
a reduced sized picture. ae 

Radiographic Determination of Death.—Voileant? save that 
radiograph of a dead person shows the stomach and all intestinal 
and respiratory movements obscure the outlines of the different struc- 
ture. This is especially true with rather lone exposures. such a5 & 
minute or several minutes. : >a 

The Radiograph a Professional Secret.—The Paris Academy of 
Medicine has resolved: “A radiograph is a ‘document consisting of 
something taken directly from the patient, is something of the per- 
sonality of the patient, and, therefore, the use of a radiograph comes 
under the law of professional secrecy im its strictest sense. Take. for 
example. a case of early phthisis, or a man with syphilitic exostoses, 
examined by a man outside of the medical profession who is not bound 
tO professional secrecy.” 


LOCALIZATION OF FOREIGN BODIES 


pee and other foreign bodies embedded in the flesh may be 
Aire y nse oe RuOrOSr ODE and In the radiograph, and still it may 
the tissues - This inf “Say thd just what depth they are located in 
of one of the limbs nee niaranint may be directly gained im “any DOTLION 
ta cael atc; “= ane : ng two successive radiographs at a right angle 
marker like sanall'a Ereatly Tacilitate the surgical removal if a metal 
with ae awe os OF a very short piece of heavy wire be fastened 
Gnithee a fe re “ aoe the wound of entrance. This should be in 
and should be at eect nah sereiore, at the center of the first radiograph 
In Figs FO0 ann rane of the image of the limb in the second. 
lateral radiograph showe eo elias for examination by Dr. Wadhams, the 
the wound of entrance 2 d needle broken off in the heel } inch in from 
Sis aoteniccienr = id extending upward and backward for 1 inch. 
outward or inward. but eran showed that the needle did not incline 
Sagar r ta find and Sa dea i plane. It was easy enough for 
- ML. Brickner, of New York, was among the first to suggest fastening 


* Trans. Royal A nme fee ee ; 
* Semaine Med. Nov. 27 1008 = Naples, April, 7, 1596. 
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Fig. 531.—Mackenzie-David- Fig. 532.—Mackenzie-Davidson spparatus 408 local 
Son apparntus for localization of ization of foreign bodice. 
foncign kacjes, 
oped one is placed in the localizer so that the cross-wires of the latter 
coincide with the image of the cross-wires on the plate. A thread is 
fastened at the image of the foreign body and at a pointer which is held 
just where the anticathode was placed for this picture. <A th md Is 
drawn in a similar way from the image of the foreign body on the plate 
to the position then occupied by the ant icathode. The place where these 
two threads cross is the place occupied by the foreign badly relatively to 
the photographic plates (Fig. 531). ; 








DEVELOPMENT OF X-RAY PICTURES 


The dark room ought to be entirely free from ordinary light, erther 
davlight or artificial lirht, « ACCPO &s allowed to enter throug! ruby 


and orange Finss or the eqquivals nt. f 1 18 a room 


with windows rt 
] : - ls rk fh i ] * | | ft =A ly 1 a ; yy 
Number or cas shackes and ordinary blinds with slats are coing to exclude 


the hight sufficiently. Either all th panes of riges must be treater 
as described later or else solid board shutters must be provided which 


will close 20 accurately a= not to admit a solitary ray of licht. In 
arcer TO Ws the davlicht it will be necessary to have a || the OATES 
which are not securely boarded up consist of one thickness of ruby and 
one thickness of orange glass, or else the class may be ordinary colorless 
sround glass pasted over with two thicknesses of the red paraffin-coated 


paper used in the original packing of sensitized plates, and one thickness 


of the orange paper known as “post-office paper.” Such a window 
should be shielded from the direct rays of the sun and if the window is 
very large, or if there 1s more than one window, It 15 better to absolutely 
darken all but about 2 square fect of one window, and treat just that 
area so as to admit only safe heht. 

Excellent outfits are made by the Polyphos Elektrizitats-Gesell- 
echaft. of Munich, of the nature of shades for ready application to the 
windows of a room in order to convert it into a dark room. 

The dressing-room, as found between the front and back rooms of 
many city houses, forms an excellent dark room. The doors usually 
have ground glass panels and these may be prepared with red and 
orange paper, and a good strong artificial ‘ight of any kind, placed close 
to the outer surface of one of the panels, will send just the right amount 
of safe licht into the dark room to enable one to work easily and to see 
the plate clearly enough to regulate the degree of development. 

In the same way if the dark room is a specially constructed box-like 
affair, a small window of ruby and orange glass may be cut at a con- 
venient height and the light placed outside. 

The Cooper Hewitt light of 400-candle-power is excellent for this 
purpose, but an ordinary incandescent electric light may be used, or 
a Welsbach gas burner, or a powerful oil lamp. In the case of any but 
the Cooper Hewitt it is desirable to have a pair of planoconvex lenses, 
Gb or S inches m diameter. acting as a condenser; ot herwise the light 

may be found too weak and diffused for proper study of the plate. 

In every case the light should be admitted at some distance from 
where the developing trays are placed and should be strong enough to 
just enable one to see everything in the dark room and to read the 
labels on bottles if the latter are brought close to the ruby window. 
Too brilliant a light, even if considered safe as to color, will act upon 
the plate and produce either flatness or fog. fe eriaess 

For a room or closet without windows or glass doors artificial light 
inside the room is a necessity. A 16-candle-power ordmary Incaniles- 
cent electric light with a ground glass bulb and enveloped in two thick- 
nesses of ruby and one of post-office paper makes a safe light if placed 
at a distance. eS ies 

A lamp is made expressly for this purpose by the New York Incan- 
descent Lamp Company. It is known as a tipless, frosted, natural ruby 
incandescent electric bulb and either a 16- or a 32-candle-power lamp may 
be used. This is complete in itsclf, or an ordinary ruby bulb may be 
placed in a box with a ruby and orange glass window measuring about 4 
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a ruby glass chimney closed in such a 
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and plates, but will not give cnough light for the larger ones 
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mm tin with a window of two sheets of glass, one ruby and one orange. 

The amount of time for which the plate may be safely exposed to 
these various ruby lights is to be most carefully considered. Generally 
speaking, the process of taking the plate or film from its original con- 
tainer and placing it in the black and orange envelopes, in which the 
exposure to the z-ray is made, and again removing it and placing it in 
developing solutions, should be done without any unnecessary 
delay. The plate is most hable to damage before i has been put into 
the developing solutions. During development the ruby light should 
not be allowed to shine directly upon the plate, except for a moment 
from time to time to permit of examination. If the plate 1s one which 
i of such a character as to require only a few minutes’ development, 
simply shielding it. from the direct rays of the ruby light will suffice; 
but if it requires from twenty minutes to two hours or more for develop- 
ment, the tray or tank in which it is developed should be closely covered 
during all this time, except occasionally for examination. These imspec- 

tions of the plate should be as infrequent and as brief as possible. 
Staining Solutions.—Quite another way of protecting the plate from 
actinic light during the process of development ts by the use of an agent 
which stains the plate and the developing solutions red, and enables 
the whole process to be carried out by ordmary light. One such agent 
is a liquid sold under the name of corin and looks like a strong solution 
of cochineal. The plate must be immersed in this solution for two 
minutes and then taken directly from it to the developer without 
allowing any of the staining fiuid to drain off. While the developer 
is acting the plate must not be taken out of the fluid and the develop- 
ment must be watched by direct, not transmitted, lizht. When 
sufficiently developed the plate is washed off in water and placed at 
onee in the acid hypo. After fixing completely, place the plate in run- 
ning water for half an hour to wash out the hypo and the red stain of 
the eoxin. The entire process after once getting the plate into the 
coxin may be carried out by daylight or artificial hight, but, as in the 


= i 


other cases, it is better to shield the plate from a strong light except 
when necessary to see how the development 1S progressing. Dark 
eolored developing trays must be used. In putting the plate into the 
coxin no white light must touch the plate, so it is either necessary to 
go into a dark room or to have a black transferring bag, by means of 
which the plate may be taken from its envelope and placed im the coxin 
without exposure to light. The utility of this method 1s apparent when 
taking and developing z-ray pictures at patients: houses or under AnY 
other circumstances where a regularly equipped “dark room” 15 not 
available. ‘This method is equally available for plates and films. 
Technic of Development.—The development of an x-ray plate 1s 
carried out in several stages. As a rule, it is better first to immerse the 
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Plate which has been exposed, but not yet developed 


could not take place at those points and in the finished plate we should 


Sct a number of [ransparent STKILS. 


upon the print or finished picture. 
~ pin-holes,” 


These appear as inky blac! spots 


Pu 

A picture may be spoiled by such 
Fig. 533 shows the plate before development. It is a 
dead white aril 45 Opaque as thin porcelain. After 1. Ceri aT lengt h ot 
time in the developer an “image” becomes visible upon the plate; it is 
produced by the purt of the plate more directly exposed to the z-ray 
darkening Under the action of the developer, The subject of the picture 
shOWS at first as a white silhouette: for instance, if it 1s a hand it shows 
merely thie white han without any indication of the bones, As the 
development Proper sscs the portion of the plate affected by the r-Tay, 
whieh has passed through the soft parts, darkens up somewhat and we 











i> a 


> 


ae€ ee AS ert a 


Fig. add [late after ee but before fixing inthe “hype.” It is still opaque 
a | . e - 


ard its hack is milky white 


a 


»- Ls 
fia. “a 4 


Fle, 2).— Plate after ih velopment and fixation. Dbw “ hwpo ‘ has removed every trace 
of milkinews andl the thinner parts are tro 1 fae 


Pay 











S1S MEDICAL ELECTRICITY AND RONTGEN HRAYTS 


have three general shades: the comparative whiteness of tho bones. or 
any foreign body, the moderate darkness of the flesh, and the blackness 
of the bare portion of the plate. The bare portion of the plate ‘in- 
CTEASES In opacity, while the part covered by the object remains trans 
lucent. The image, therefore, is visible by transmitted as well ie 
reflected light. Fig. 534 shows the appearance of 4 plate after devel- 
opment and Fig. 535 after fixing. The latter process dissolves out 
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Fig. 536.—Print from finished plate. 
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The latter was somewhat underdeveloped. 


the unchanged silver salt and makes the plate lose its dead white 
appearance and become perfectly transparent at the places where the 
tissues were densest and the plate was least affected by the z-ray. 
Fig. 536 Is the radiograph whose- development has been depicted 
in the previous figure. It would have been better for longer devel- 
opment. It is a fatal error to stop the development too soon. In that 
case you have a thin plate possibly with plenty of detail, but one from 
which it is impossible to make » food print. As the development 
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are white and the shadows black. To accomplish this the ty] 


the nght deeree of vacuum and must rIVe & Sufi 
if degree of penetration which passes throuch the «oft parts, but casts 
a deep shadow of the bones, and, of course, the exposure to the x-rav 
must be ot suticient duration. (siven these Cor hi tons the development 
should be carried on until the darker parts of the plate are opaque to 
transmitted light and, therefore, have the requisite density, but should 
usually not be carried far enough to completely wipe out the visible mare 
on the plate. Determining the density of the plate by holding it up 
between the operator and the light and looking at it by transmitted 
ight is not desirable with x-ray plates which are affected by exposure to 
the red light. Short development is required to show the soft parts 
of the extremities as well as the bones. The longest dev elopment is 
required for the spine and pelvis and hip-joint, and in these cases the 
soit parts may be so dark on the plate as to show practically white 
on the print. In other words, with a pelvic picture some parts of the 
plate have been very slightly acted upon by the z-ray, which has had 
to penetrate 6 or & inches or more of flesh and bone. whereas other 
parts have received the direct rays from the tube. or rays only shghtly 
impeded by passing through an inch or two of flesh at the outer limits 
of the body, During the full development required ith bring into view 
the faint Image impressed by the denser parts of the body, the other 
portions of the plate darken up by receiving what amounts to over- 
development, and thus, in the finished picture of the hip-joint, for 
example, the flesh forms a slightly shaded part of the general background. 
The real picture in this particular ease 18 formed of the bones alone. 

Extent lo which Development Should be Carried —No certain number 
Of minutes may be ustislly depended upon, either for tray-dev lopment 
with a strong developer or for long, weak tank development. Differ- 
ences in exposure necessitate variations in the time of development, and, 
generally speaking, the most satisfactory plates of films are those which 
are fully developed in five or ten minutes in a strong developer or from 
one-half to two hours with tank development. | 

Dental radiographs upon positive cinematograph film should be de- 
veloped until the image is clearly visible upon the back of the film, and 
has begun to fade upon the front it is necessary that details should be 
Sern, 

The cardinal principle is that where the plate remains perfectly white 
no details will be found, nothing but total transparency, that where 
the plate is moderately darkened every detail will be visible, and 


tient intensity and have 
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where the plate is black the density will be 20 grent that the plate i 
Ope we and details are lost. T he latter condition 1: commonly eT 
upon the portion of the plate outside the IEA ee al the Ssaxer i 
The next part of the process consists in “firing” the image on the 
plate. This is done by soaking the plate in an “acid hypo” solutio 
for about half an hour; until five mmutes alter all traces of “ milkiness 
have d sappeared from the film. Following this the plate is to be 
washed In running water for about an hour to remove all traces ol 
chemicals, especially the hypo, which would cause irrecular blotches to 


appear Ti the plate afterward. 
Formula for Acii Eivpo: 


Water 

Hyposulphite of sodium 
Powdered alum 

Citrie acid 

The different ingredients should be fully dissolved in the order giver 
This constitutes not only a fixing bath but also a hardening 
which prevents softening or frilling of the film during the subsequent 
wa shine. This can be used several times, adding hyposulphite of sodium 
to it when it becomes exhausted. 

The plate should be carefully washed off, using the finger-tips or 
a very soft sponge to remove particles of sediment from the film surface, 
and res rubbing to remove a tough black film which is found In 2pots 
near the edges of the glass or back surface. Then the plate ts set in 1 
drving rack in a place where dust will not be likely to catch upon the 
moist gelatin surface of the film. 

lf a kodak: or similar celluloid film 1s used the process of development 
is the same, but at the end a coucle of pins are stuck through the corners 
and the film hung up to drv. 

In any Case the erress of moisture had better be wiped oli before the 
film surface has begun to dry. Tear drops on the plate and a line of 
water at the bottom of the plate make the film dry more slowly and 
cause darker areas in those places. 

The chemistry of photography is interesting. The dry plates or 
celluloid films are coated with a gelatin or other emulsion containing 
nitrate and bromid of silver, and when this is acted upon by light the 
alyver compounds become more easily acted upeon by arents which seek 
oxygen. The developing solutions contain such agents anid on the 
portions of the plate acted upon by light metallic silver is deposited by 
the abstraction of oxygen from the original chemic compounds. Thiz 
produces a visible image, whereas none was to be scen when the plate 
Was first looked at in the dark room after exposure either to light or 
to the r-ray. But this image has to be made permanent by the process 
of hxing, which consists in soaking in asolution containing hyposul 
of sodium; this dissolves away all the unchanged silver compounds. 

The choice of developers is important. The old standard developing 

agent ts pyrogalhie acid, and probably one can make a greater number 

of good plates with all sorts of normal ar under- or OVETEX POSUres by its 

Use than with any other. It makes a brownish colored plate which 

pnts better than the black or gray plates produced by most other 

developers. About the only objections to it are the facts that it stains 

the hands badly and that it eannot be used for developing the print also. 
A gol formula for a Pyro derelaper 1s 


Solution 


1 | si 
nee 
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Wh ati 


Wea ter 


Dirted | ce cof Ser 


Water 


Dried ecsarhonate of oxluim 


. 1 oz.; Solution B, 1 oz.; Solution C, 1 oz.: 


‘ : Sailer. 7 i 
Developing factor 12. 
2° we mean that if we note the tim 


: t - li¢ time trom 
placing the plate in the developer until the aD DCA nce of the 
L 


by “der loping factor J 
i ‘= ‘ 

| 

Lk 


of nage 
| | s . i. | ah . : = i . ] 

and multiply that time by 12 we shall have the time required f 

complete development. With this developer a normal exposure w; 

show an image in twenty to forty seconds and, consequently only two 


to four minutes’ development would be required. If an image does not 


Li 
oF 


show at all after a minute or so the plate has been underexposed, and 
it may be wise to pour off the developer and treat the plate as we would 
ave if we had Enown beforehand that it was underexposed, 


For a known wadererposure an excellent way is to use the soda 
solution alone at first: Solution B, 1 oz.: solution C. 1 oz.: water. 7 
oz.; allow the plate to remain in this for about half an hour, then pour 
the solution off and add to it solution A, 1 oz., and use the complete 
mixture for ten minutes. At first an imace becomes visible from the 
action of the soda solution, but it is faint and soon disappears, the 
entire plate blackening up. During the rest of the process the plate 
is just black all over and it is not until after it is removed from the hypo, 
and can be examined by looking through the plate in ordinary davlight, 
that the image can be seen. It may then be found to be very good 
indeed and may make an excellent prmt. Generally speaking, the pyro 
makes density and the soda detail, and if the complete developer were 
used for the length of time required to produce a good image with 
underexposure the pyro would make the plate too dense all over or 
fog it. 

The term jog is used to designate a universal or localized Inerease in 
density of the plate, produced by extraneous causes and obliterating 
the natural lights and shadows of the picture. Fog may be produced 
In an x-ray plate by allowing the plate to become hght struck, for 
instance, by keeping the plates in too bright a licht, which may penetrate 
even the black and orange envelopes in which +-ray plates are usually 
kept, or by white light entering the dark room, or by too much exposure 
to ruby hight during development, or by accidental exposure to the z-ray 
at some other time than when the picture was being made. Chemue 
fox may be caused by adding new or strong developer to that in which 
the plate already is, thus subjecting the plate to the action of an imper- 
fectly mixed developer; or, as intimated above, by development with 
too strong a developer. 

Another way with underexposed plates is to use a very weak devel- 
oper for a very long time, as in “tank derelapment.”” In this process the 
plates are placed in vertical grooves in a hard rubber or nickel tank 
(Fig. 587), filled with a developer of about ) the normal strength and 
containing potassium or ammonium bromid, to act as a further 
restrainer, and the plate is left soaking in it for seven to twelve hours. 
The same process gives excellent results as to details in cases of normal 
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OF OVETCATA Sure if one bas time tao whit Io! the results. F 


Or Ch NWiih 
‘ \ a alt hoanr end for an over _ 
exposure about two and a half hours £ncd 1 


= a 
of f= i | 


13 + tal e time required for tank : 
an hour would be approximaters the time req ms 


ment But in the case of normal and OVETER POSES THE pil 

looked at from time to hime and the Process brouperit 

the plate is completely developed. lemember in , 

there is very little to be lost by keeping the plate nth 

long. and there 1S everything to be Lost by taking it out before the pad 


Fig. 6¢7.—Lank development. 


has Framed sufficient density. In some cases development Is not com 
plete until the original white image at first produced has almost faded 
out. cin overdeveloped plate will still make an excellent print, while 
one underdeveloped is worthless. The fading out of the image during 
development does not imply that it is actually disappearing. ; 

One very good guide in developing all single-coated plates and films 


is the presence of an image on the back of the plate. This usualls 
shows complete development. 


Tank Developing.—A good formula for this purpose is the following: 


= Stock Solution 
Water Sin Se 0 AA ee ee sine ee ee kes ple wn see eee ee e Ge CADCeS 
Carbonate oo Scum (dried) . | = id 
Fe eodium (dried)... . . it 
Tomi of ammonium... __ . fs ie 
Cittie aed | 3 ore ae es ; eee 
Hydroquinome. , . ey eats aimee sy ror yd a a 
Glyein ie SR Ara ain oa gaa ee Pin ats wn mes 
Metol. Uh eg aioe ; =s 
Pyro (pyrogallic acid) eager cst 
Dissolve the Ineredie ats : 
mimhure ne hae Sais in the given order and keep the complete 
_ For use in eae re full and tightly corked. 
this stock solution and 10 pints neon of 5X 10-inch plates take 6 07. 0! 
ae ; ; 13 ' Int= o water Alli oy the en Ee 
Immerse the plates in § mater, filling the tank. | 
Give them an Gulek Up-and dae eet before putting them in the tank- 
remove air bells. Take thee motion after placing in the tank t 
reverse their pos ition: thi ia out of the tank after a few minutes ani 
fs 5 to prevent streaks from the solutio! 
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being Posstl a, stronger mi thi heat ter cit tha ink 
Ing toe TANK IS Off great service in Preventing spots pane 
we or of clifferent. six 


LUE. 4, COVEYr = Dis 


dark dunmng the entire time. hit 
Lime When one or more of the DIATeS are ready to be 


P| i : 7 i es FI 
developer and placed in the hypo, 


i" bs a 5 oe a = ‘Ya . - I... | " r = i 
L beheve thoroughly in tank development for instantaneous exp 
re ] Pe | a. = _'t = 7 . 
and other work where the plate m: 


¥ be deseribed a= Unclerex pe mrs 


a 
oe ae 9 ee Pee TY} “1 ; ; - 
fank Development for Films.—The small films used in dental radi 


raphy may be developed mn a nickel-plated tank measuring 2 > 
inches and requiring less than a pint of developer. 
Each film may be fastened by adhesive plaster at all four comers to 


plain Be DOr rails eee ae ape, Mace sh | j : ' 
a giass plate measuring 34>¢41 inches. The plates are put in a rack and 


Immersed in plain water to wet the films thoroughly and then set in the 
developing tank full of developer. This must all be done in the dark room 
by red light, but after the cover has been nut on the tank the Opcralor may 
open the dark room and then leave the films for about twenty minutes, 
This is the time required for normal exposures and if one is sure of 
uniformity as to the exposure it is only necessary now to pour out the 
developer by ordinary light without opening the tank after twenty 
minutes’ development and pour in the acid hypo. The fixing takes 
about fifteen minutes and then water may be allowed to run through 
the tank for half an hour. This removes the hypo from both the films 
and the tank. <A nickel-plated tank may be used for all three of these 
processes, whereas a zine tank could not be used for the hypo; this 
solution acts upon zinc. When it comes to drying the films they must 
be unfastened from the pieces of glass and hung up to dry in the usual 
way. 

The M. Q. Developer.—The metol hydroquinone developer has 

come into very general use for developing dry plates and celluloid films 
and also for velox and bromid paper and similar prints. It is easy 
to handle, does not stain the fingers badly, and givez a clear black plate 
which is very handsome and which has almost as good printing qualities 
as one developed by pyro. Its disadvantages are the slowness with 
which it acts, and the ereater difficulty of exactly regulating the develop- 
ment to get the best results out of different plates with all sorts of 
exposures. It is sold everywhere in tubes, each of which contains 
enough to make 8 ounces of developer by simply dissolving in water. 
For a normal exposure the plate should he developed for fifteen or 
twenty or thirty minutes in a fresh developer. If the mmage flashes 
up and the plate scems to be overexposed either promptly add 5 or 
10 drops of a 10 per cent. solution of bromid of potash a3 a restrainer, 
or else pour off the developer and use an old and partly exhausted 
developer. If no image is visible in five or ten minutes the plate has 
been underexposed and is going to require prolonged development in a 
weakened developer. An ordinary hip-jomt picture requires about 
one hour's development in AM. @. developer which 1s nye entirely new. 
A picture of the foot would require about half an hour's development. 
Most of the radiographs in this book were developed with Mf. Q. developer 
itl a sunple flat tray, ana probably it will be found best to use this as a 
starting point, and then to add the tank development and the sods 
followed by pyro development as one's general technic lmiproves, 
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Other good developers are: 


bs 0 0 ce | 
240 grain 
ral 


Water....-..+- 
Carbonate of aodiim. (dried) 


ft ounces: &, 1 ounce Factor IZ 


(drial 
A Wh ster SE og et 
Potasshim metabiulphite 
Cirtol. . Se en nee 
ise equal parts of A and & Factor [1 


These are practically the same as recommenced hy 
Dry Plate Company, St. Lows, Missouri. 


Piurecatechin 


A.—Sodium sulphite crystals. . +h 7) eriins 
PYTOCAT@CNIN. ..0.4 0 cows eee eee .. 10 
Water.~ 22 e es : .eeee§=6 16 ounce 

6.—Caustic potash. . Sree y tes SDS SCAT eh Aree 110 er 
Water... Pe ey eee ee [6 ounces. 
ce A, 1 oomee: B, 1 ounce: water, 4 ounces. 


Leg 


- 
ee 
shades 


The special advantage claimed for pyrocatechin is that 


used In cases requiring prolonged development without fogging 
plate. = F 


- oP rp. = - ; ; : 
lhe Titubator.—This is a useful apparatus in which the plate in 2 
tray full of developer is placed in a lght-proof box and by an electric 


Balls ot 


motor is subjected to the gentle rocking required. The plate must be 
placed in the titubator in the dark room, but the thirty minutes or so of 
rocking may be done by the closed machine in any ordinary light. 

_ The Influence of the a:-Ray Upon Plates During Development.— 
The z-ray should not be in operation in the sa 
room. An ordinary lath and 


me room Or in an adjoining 
toe wns plaster partition is perfectly transparent 
to the <-Fay and during the prolonged dev lopment, so often required 
by t-ray plates, they would be sure to be forged. The same is true 
even il the plates are in short Iron (ralvanized or tinned ar japannesd) 
trays, but if the developing trays are completely surrounded hy « box of 
xray metal, lead and tin, the plates are safe. The protection shoul« 
be at top, bottom, and sides- but, of course. it is understood that even 
with this % would not do to allow the x-ray to shine directly upon il 
at short range. - ‘ 

_ Making Prints from oa-Ray Plates.—The print is the finished 
picture on paper. It is made by placing the film side of the paper i 
contact withthe film side of the | late, allowing ordinary light to shine 
through the plate, the varying density of different parts of the plate 
saa py the lights andl shadows of the picture on the sensitized =ur- 
rane fact poh is A oe of Solio ane other printing-out paper the 
to it, and tl ha, Cake 3 paper before any Turther treatment i yiven 

if PTININE, OF exposure to leht, 18 continued until the print 
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the density of the plate. 
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Fig 335—The Keilev-Roctt developing titubator. 


but not by the incandescent light. The print should be made several 
shades darker than you wish it to finally appear, as it fades to some 
extent in the different solutions. [¢1s first washed in five or 21x changes 
of water to remove the unchanged silver and then placed m the 


Ponting So urton 
Chiond of pole ee ee 
Water 45 ounces. 
Mienrheorns Ped co er iit sulperent Lik priluce fh neutral reaction. 


The print should tone in about six or seven minutes, during which 
time a chemic change takes place in the film whereby a deposit of 
metallic calcd takes the place of the silver compound on the surface ot 
the paper. At the same time the color of the picture changes TPCen 


reddish to a rich purplish brown. Failure to produce this change in 


eolor would indicate a worthless tonme solution. ; 
The print is then washed in water and placed for twenty minutes 
in the acid hypo, where the image is made permanent anil the film 
hardened. The formula for this is almost the sameé as the one recom- 
mended for fixing plates. 
Aewt Hype por Salta Prints 
Gud aaigp redness gael LET 4 Outs 
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All traces of the hypo should be removed nv 
running water 

Prints fae Jrom Plate ¢ ar Falms Which Ar: 
ally desirable to obtain a print at once without 
the plate or film dries. While the sensitized surf 
a sheet of photographic Paper, also wet. is laid upon 
eatizci surfaces rt fare La face andl eonkic pressure ; 
out anv bubbles of air which may be trapped between them 
is made in the usual manner, but is not quite so clear as if ma 
dry paper and a dried film or plate. The plate or film is not j 
this is carefully done. 7 

In mounting prints on cardboard the first thing is to dry the | 
and trim them, then wet them and pile them one on top of the o¢] 
face down on a sheet of glass. Squeeze out the etecess of water by 
means of a piece of blotting-paper and a print roller. Cover the back 
of the topmost print with photo Paste, lift up the print has twee opposite 


corners, and place it im position upon the card and rub it down emoothl- 
with the print roller. 

Velox paper and other similar papers require only a few seconds’ 
exposure to gas or electric light at a distance equal to one and a half 
times the diagonal measurement of the plate. No image is perceptible 
until the paper has been placed in the developer and, hence, these are 
called dereloping-out papers. The M. Q. developer used for developing 
plates gives excellent results with these papers and the same acid hypo 
fixing solution may be used. In using these papers it is necessary to 
determine by trial with slips of paper the exact time of exposure to be 
given. If the exposure is too long the paper blackens wp in the devel- 
oper and all detail in the picture 1s lost. If the exposure ts too short no 
amount of time in the developer will produce a good print. 

Bromid papers are handled in the same way as Velox, but are much 
more sensitive and, hence, print in a much shorter time of exposure. 
They are advantageous in making prints from very large plates because 
the image comes up gradually while they are in the developer, more 
like that on a plate, instead of flashing up all at once like the image on 
Velox. It is, therefore, easier to secure a pertect print. ; 

With all the prints it is necessary to wet the paper thoroughly before 
putting it in the developer and then to see that the developer instantly 
and uniformly covers all parts of the print, otherwise the print will 
have spots and streaks of darker or fiphter color showing uneven 


development. The print must be taken out of the developer at just 
the right instant, and if there is time should be rinsed in water before 
placing in the acid hypo. The paper should not be creased and crum- 
pled, as this will be sure to cause a separation of the sensitive film or 


rom letting 
from 
Hi & 


coating and the formation of blisters. These also result fro 
a stream of water strike directly on the film surface and, especially, 
putting the print into water or solutions which present too sre 
difference of Lem perature. =) OU rT, 

The process of making and developing all except bromid prints ma) 
be carried on by ordinary light in quite a darkened room. that 

In making a print from a large plate it will sometimes happen , rs 
one part of the plate is thinner and prints more rapidly sens Tages: 
and in such # case the thinner part should be held further from the Aaah 
or else covered up during part of the exposure. I covered it must 
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like 4 plate In taking an =-ray picture. The paper is develo 


hke et UTUALY bromid print, but shows the bones white, th : fleal 
whitish, and the background gray or black. ‘The process is one that 
does not require a « ir. 
get & print in five minutes as against about twenty-four hours by the 
plate method. This ts much sooner than even a wet and only pa tially 
finished plate would be ready forexamination, It is useful. for Instance. 
in examinations for a needle in the hand or fora fracture about the hand. 
In these cases a fluoroscopic examination often fails while the picture 
succeeds. Then again, the picture can be examined and discussed 
acl hibitum, whereas a consultation wv hile examining with the r-ravy is a 
source of very great danger from too long exposure. With a 12-inch in- 
duction-coil and a primary current of 18 amperes (intensity No. 15 
Tousey, penetration No. 6 Benoit), a picture of the hand by this 
method would require an exposure of about twenty-five seconds. 
Such a picture taken at a meeting of the Middlesex County Medical 
Society of New Jersey showed the barb of a fish hook which had 
been in a doctor's finger for thirty years. The method ‘is especially 
available for the extremities and for dental skiagraphy. The best 
results are obtained with exposures two or three times as long as are 
required for a plate, and this makes it less useful for the thicker portions 
of the body. . 

Plastic radiographs are prints to which an artificial appearance 
of perspective is given. A process was suggested by Alexander and 
perfected by Schellenberg. It consists, essentially, mm making 3 radio- 
graph upon a single photographic plate, then making a print from this 
on a transparent film. The finished print is made from both plate and 
the transparent positive film, placed one on top ot the other, but not 
exactly coincident. A very simple and easy process is to use what 18 
technically called bramid negative paper for the first positive print from 
the original plate. ‘This paper, after development, is rendered trans- 
parent by immersion in an oily substance, and can then be laid upon the 
Original plate and a print can be made upon any ordinary velox or 
Solio papers. Such | ashe may have certain uses, but they do not give 
any © atereoscopic elect. | 

Aciuader's Method of Plastic Radiography.—Dr. Bula Alexander’ 
describes a method which consists in making as good a negative a3 
possible on Plate I. From this a diapositive is msc on Se 7 by 
allowing ordinary light to shine through Plate I while it 1s ace to = 

with Plate II. ‘The second plate is developed and shows an mage de 
the lights and shadows reversed. Plates | and eee ati eid ed a 
together back to back and with their images almolt clone ne pee. 
dispositive is made on Plate III. ‘This plate gives the es a peere 
Arch. of the Ronigen Ray, January, 1908, and several previous articles in 
Budapesti Riv. Orvosegyesulet, 106, etc. 


ik TOOM and saves a very creat deal of time. You 


L 
| 
. 
E 





a Pa MEDICAL ELECTRICITY AND RONTGEN RAYB 


fave and also, it is claimed, an increased definition of thi 


DArT= [t does mot CXALLCALC OF revues thi AP PMrent size 
Plate [11 is a positive and if it 15 desired to secure a print of the o 
kind in which the bones appear dark, still another, Plate [V. moe 
made from it. AS many prints as desired may be made from Plat: 
lf only one print ts desired it may be mack instead of Plate T11. | uy 
is such a plastic print from a frontal sinus and ethmotd and antrum 1 
raph. It looks a little lke a picture of a plaster-of-Paris casi 
shows that the plastic method is of comparatively little value in depietin: 
the ethmoid cells and the antrum, but that it makes the frontal sing 
more conspicuous. | 

Radiographs of the extremities A Improved by this method co 
where a number of small bones are crowded together, as in the carpus. 
Stem! has also described a method for plastic radiography. 
Precautions to be Taken in Developing Radiographs.—A trace 


of hypo, remaming on the plates or prints, will make a brown stain 


= 
a 


Sah 
a, 


: es , L - rr z : 
Fig. 530.— Plastic radiograph of the frontal and other sinuses of the face. 


which will spoil the whole work. Eternal vigilance must be used with 
this and all the other chemicals. There must be a special tray for 
the hyposulphite of sodium solution and when through with it the solution 
must be filtered back into its own bottle. Running water should be 
constantly ready and the fingers should be washed every time they have 
been in any of the chemicals. Keep up a rocking motion of the trays in 
which plates or films are being developed. Do not let one lic on top of 
another, as that would scratch it oF prevent the uniform action of the 
developer on all parts of it. 

From beginning to endl the plates wel eellulowdl films ought never ta 
eee a particle of white li¢ht or of x-ray exeept during the actual taking 
of the picture. They ought to be exposed just as little as possible to 

‘Minch. Med. Woch,., July 31, 1906. 
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ba cle elo cad as well as the backrround which was directly exposed 


to the 2Tay- if this tS Stop pe much too =ChOTL. ot course, vou fail to 
eet any detail In tie picture, and may hardly see the bones in the flat 
appesring nage of the flesh. If the development 1 stopped only Hh 
little too soon YOu May get a plate with good detail, but so thin and 
transparent that it makes a very faint print. On the other hand, 4 
ittle overdevelopment does no harm at all, it simply means that you 
have to hold the finished plate up toward a bright light to see the image. 
Bet PHEE mas le from it is perfect. A plate very much overdeveloped is 
almost jet black and opaque, and must be held up to a very powerful 
ght, like the Cooper Hewitt light, in order to see the image; and a print 
from it shows only the bones. The flesh and even thinner portions of 
bone may not show at all in a print from such a plate. The print is 
also a harsh black and white. ; 
Restraining the Development.—A plate on which the image 
flashes up almost immediately when it is put in the developer has 
usually been overexposed, and if developed in the ordinary way soon 
turns black and will be so dense that the picture can hardly be seen at 
all. Such a plate would take a very long time to make even a poor 
print from: and tt could not be studied by transmitted lizght unless one 
had a very powerful electric lamp. One may know from the length 
and streneth of exposure to the z-ray that the plate is overexposed. 
In case this fact is only discovered when developing the plate the latter 
may be quickly transferred to plain water and then developed in an old 
developer weakened hv previous US, OF In Be | developer weakened by 
dilution with water. Another method is to quickly add “ Restraimer” 
to the developer. The restrainer 15 a few drops of a IQ per cent, 
solution of bromid of potassium. Ae Bite nbs 
The object in restraining the development of a plate ahha sch 
sufficient detail without excessive density. The details depend 6 ik 
slight differences in density which can only be brought out by slow 
Howelannmont 3 joderate density. 
: ve ae ahich is soos fa} be overexposed is developed Sa 
start in old or dilute developer or one to which restrainer has ee P : chi 
Overexposed Plates Whe pane ae separ iaty ‘oveieene? et 
¢ 7 e@ head, ADCO, Ver Se = . — Sree 
elo Lara shines directly on the plate, but the central 
and most important part 


of the plate is underexposed rather than 
overexposed, The development should rari Be hecmdrmeryy crates cteeat 
of detail near the edges of the picture should _ Wicd eP bei sito see fs 
evil, In some cases the overexposile at the ediges 15 50 pret ae 
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far identification. Though these may not be seen in the print the 

alwatvs traceable when such plete is examined Dy Lransmittiect | 

The central part of such a plate may come up nicely with normal 

velopment Or it MAY require to be treater! aS At underexposed plate 
Full Development and Subsequent Reduction of Overexposed 

Piates.—This will often result in a beautiul plate, with detail and con- 

+ when from accident or design the plate is overexposed. In th 


tat == 
i 


to wipe out even the image of the sheet lead numbers laid on the pla 


= " 
crn: 


i | at 


it in the developer and forget it for fifteen minutes. “he result is 9 
completely blackened plate. which, when it comes out of the hypo, may be 
reduced by immersion for from five to filteen minutes in a weak solution 
aft permanganate of potassium anil sulphuric acid and then Washing ip 
water. If the plate has a yellow stain, this may be removed by in 
mersion in a solution of citric acid and sodium sulphite. 

Development of Underexposed Plates.—If there is only ali 
underexposure the development may be simply forced. <A full strenet 
and entirely new developer may be used and the development continued 
for a Onger time than usual. Care must be used not to carry this 

rrocess to excess or the plate will be badly fogged. 

Forced Development.—In developing x-ray plates or films it is at 
times necessary to force the plate in developmg. The following formulas, 
usec Dy the H. IN. Themann (Co. for many Vears, mves W TOO black tone. 
and enables one to force a plate for a half to three-quarters of an hour 
before it will stam or fog. Dissolve: 

2 ounces sulphite suda crystals. 
2 ounces carbonate soda crystal. 
$.dram bromid potassium. 

Lee distilled water, hot, to make 16 ounces, 





After sodas are dissolved mix: 
2 drame hydrochimon. 
l dram metol. 
2 drams pyrogallic acid. : 
Dizeolve these in S ounces of distilled water, hot: then add to the sodas. Wi 
now have 24 ounces of solution: ise full strength after cooling. 


_ Marked underexposure requires long and slow development in a weak 
developer until the details are brought out and then forcing. Tank 
development is excellent in this case, and so is the process by which the 
plate is immersed in the sodium sulphite solution for several minutes 
and then in the pyro solution. In spite of all this manipulation the 
finished plate may be found too thin or the image too faint; and intensi- 
fication may be resorted to. . é 

Development of Screen Plates.—Radiographs made with an intensi- 
fying screen are more like ordinary photographs, and a special developing 
formula is given on page 74. . ane rae’ 

Intensifying \-Ray Negatives.—This process may be applied to a 
plate or film at any time after complete development and either before 
or after drying. The usual method is to immerse the plate in an inten- 
ailying #olution, such as 


Mercury bichlorid....... eases» 22D grains 
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until it has all turned perfectly black. 
A final washing in runnine water completes the process, 


Yellow stains indicate incon iplete washing after the 
nd bath. 

The proces: of ntensifying gives added density to every part of the 
plate In proportion to its original density. This increases the contrast 
between the parts but slightly affected by the x-ray and the other parts 
which are decidedly affected. 

Intensificat ion 18 a pertectly leit IMmate expedient, but it has not been 
adopted in making any of the radiographs in the present volume, and 
the author always tries to avoid the necessity for it by emploving an 
exposure which will give a good picture with normal or somewhat 
forced development. 

It 15 useful for underexposed negatives and also for certaim over- 
exposed negatives. In the latter case the plate has sometimes been 
kept from becoming too dense by the use of restrainer or very careful 
development; but still a print from it presents scarcely any contrast. 
This defect may sometimes be remedied by intensification of the 
finished negative, 

The results are very much better if the exposure can be so regulated 
that normal development suffices. rahe | 

The Choice of Developers.—<As a general thing there is very much 

to be rained hey Wsine the developing formula recommended! by Loe 
manufacturer of the plate or film. An example of this fact was lately 
brought to the author's attention. A friend had been using a certain 
film on his recommendation and with excellent results. After about 
a year the quality of the pictures suddenly underwent a radical change. 
The same subjects that formerly required an exposure of ten seconds 
now required forty ececrcs, ancl the pictures were lacking hia brillancy 
ard contrast. Aiter considerable correspondence with the eOEAU ANY: 
it transpired that they were using a new emulsion on these films aa 
that they recommended a different developer from the one that he: rie 
been using. The moment apace : ment developer was used the results 
be » ac enc as with the old films. Fag ioe Ob 
Rt aktamt in  Propical Countries.—The usual Hotties os 
solutions must be used at a temperature of about 69 rape ioe the 
Only be used if ice 1s available. Wi here it 15 impracticab c + ae 
eplution at about this temperature means must be accu s bene 
the sensitized coating of the film or plate. This ha oo what differs 
in a solution of formalin. The developer must also be somew! if 


ent from the normal one. 


mercury bichle 
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Tropical i ey i Z Adana! ravi | 

Water : a Ounces 
Sj ilphite oy ecm linn crystals o 

ns Saale cu poo es] La oy ae 


Citric acid ; ea i | 


For use: To 4 oz. of the above solut ion add 10 grains of iry amudol 


Before developing, place the plate in 


Water : i) rts 
Forms lin : 2 i ; | part 


for about three minutes, rocking the tray occasionally, then rinse well 


anil place in the developer. li the Image flashes Lit? in le Sa than forty 
seconds add more of the potassium bromid. Development should be 
complete In four minutes if the exposure has been normal 

The Explanation of Some Defects in Developed Plates.—Some- 
times the film is washed off the plate, leaving pertectly clear glass ai the 
edges, shading gradually into the pictured part of the plate. This is 
apt to occur with a developer that is a little too warm if the plate has 
to be left in it for a long time and has to be handled much. Carried to 
an extreme, the whole picture would be washed off the plate. 

The sensitized coating of the plate may be full of cracks running in 
every direction and dividing the surface Into numerous sections. This 
condition is usually due to the use of too warm solutions for developing, 
fixing, or washing the plate. 

There may be a general motiling which produces quite a regular 

pattern in the picture, somewhat like the design known as marbling in 
decorative art. This occurs when a strong developer like pyro ts 
allowed to act without stirring. It can be avoided by Keeping the 
developing solution in motion by rocking the tray, or by the use of the 
titubator, or, if a large heavy tray is used which cannot be conve- 
niently kept in motion, the solution can be kept in circulation by moving 
the finger-tips about in it. A very weak developer, such as is used m 
tank-development, has not much tendency to produce this defect, because 
in the long time that the plate is immersed in the solution it has a 
opportunity to permeate the Alm uniformly. Even then it 15 satcr to 
take precautions against it. The plates should be taken out of the 
tank after a short time and put back the other side up; and the entire 
tank should be shaken from time to time. 
_ Pin-holes result from the adherence of air-bells to the film surface. 
‘These prevent the action of the developer and leave pericctly trans 
parent spots upon the plate. The means of prevention Is to wipe off 
the surface of the plate lightly while it isin the developer. Movie the 
plate up and down a few times accomplishes the same result in tank- 
development. | 

Brown stains upon the plate are of several different kinds. A mot- 
ted or streaked metallic sheen over the whole or a part of the plate 
impairs the value of the plate to some extent. It is a deposit from the 
developing solution and may be removed in great part by wiping the 
plate, before drving, with a tuft of wet absorbent cotton. 

Another kind of brown stain comes in large spota some time after 
the plate has been dried and put away for storage; it is due to imperfect 
removal of the hypo. Prolonged washing in running water prevents 
this occurrence which permanently damages the plate. 
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solution, or It may be removed after 1t has occurred by wiping the plate 
before drving, with a tuft of wet cotton. 

Frilling of the flr, or separation of the sensitized film irom the el 
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solutions at a proper temperature, or, of this is impracticable. t 
the measures described under “Tropical Development 


The whole or a large part of the sensitized film sometimes Separates 
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In & CONTINOUS Sheet [rom the lass plate or [rom the celluloid film 


lf this occurs with perfectly normal development it is sugeestive of 5 
imperfection im the plate or film and a new supply should be okta 
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This has happened once or twice in the author's experience, Once was 
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quite recently with a very. thin celluloid film which was not of the non- 
curling variety. 

The presence of great blofches upon the plate may be duc to two dif- 
ferent causes: first, Immersion in a strong dev eloper without previously 
wetting the plate thoroughly with plam water and without taking 
pains that every portion of the plate is immediately completely wet 
with the developer: and second, some defect m the plate which makes 
parts of it less sensitive than other parts. 

A general mottled appearance, coming as a sort of fog, if the plate is 
underexposed and requires prolonged development, is more apt to occur 
if the plate is old; and many an abdominal picture will prove a failure if 
plates several months old are used. <A plate becomes more sensitive 
and henee more rapid with age, but the change is not an absolutely 
uniform one. There is no means of improving such a plate. The only 
prevention is to use fresh plates. This is one great drawback to the 
use of special z-ray plates except in the largest cities. There may not 
be sufficient demand for them to enable the dealer to keep an absolutely 
fresh stock. The best plates for daylight photography give results 
which are practically wentical with those obtained with z-ray plates, 
and every dealer carries a fresh supply of them. The same x-ray plates 
which present this kind of fog from being too old may give perfecily 
goo pictures of the hand or any part where the x-ray effect 15 so strong 
that only normal development is required, and the differences in the 
derree of sensitiveness of certain spots on the plate are not discoverable. 

A 14 17-inch plate means quite a loss if it has to be thrown away, 
and still this size is only used for the largest portions of the body and 
requires prolonged development. It Is unwise, therefore, to use one for 
this purpoze if it is more than two months old. The plate, however, 
may be cut up into smaller sizes and used for radiographs of the extrem- 

ties. It would not be wise to try to make a frontal sinus picture on 4 
piece cut from such a plate because the same conditions prevail here as 
in radiography of the abdomen. . 
Cutting Photographic Plates.—This is done by drawing a line on the 
glass—not the film—surface with a giass cutter and then bending it 
away from the scratched surface. This ean be readily done before the 
plate has been developed: but the latter process makes the film so dense 


ind tough that one iz very likely to break the plate into several pieces, 
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along a straight line. Still . 
I] part of a large developed plate whic 


snstead of breaking tt it sometimes 
that there is just A Sia 
wishes to cut out. 

To cul a iti pelo pe a pia 
line of the film surface ani 
with the glass cutter. The 
diamond scratch on the film surtace. ae 

Too strong developer CALSUS the mare to flash right up, 
darkens the whole plate, aml obliterates the finer shades. 

Too long development obliterates the details. A print from 
a plate Is poor. The plate turns gray oF bluish gray. 

- Scratch-mar 
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ks on the finished plate may rum an excellent pictu 
They come from even very slight rubbing of the sensitized surface at 
any time before development. Friction which may not be nearly 
sufficient. to scratch through the film and expose the glass plate will, 
nevertheless, so affect the sensitiveness of the film as to make an indelible 
mark on the finished plate and any prints made from it. There iz only 
one way to prevent this accident and that 1s not to touch the sensit ize 
surface with any hard substance until after it has been developed and 
dried. The finished plate is quite durable and will stand any ordinary 
handline. but if it isto be used a number of times for purposes of saat 
stration it had better be protected by varnish. 

Varnishing the Plate.—A varnish is made for this purpose which 
drics clear and hard. The plate is held horizontally in one hand while 
half an ounce or more of varnish is poured over it. This is allowed to 
How over different PATS of the plate until the entire film surface has been 
wet and then it 1s draine<l back into the bottle. The plate is stood up 
and allowed to dry in a place which 1s free from dust. 

Perspiration-marks on the Plate.—The ordinary envelope in 
which i-Fay plates are used is perfectly permeable pre eo aad tha 
perspiration may 1 nike through irom any part of che body which lies 
directly upon it. The chemic properties of the perspiration cause tt 
to produce a very great effect upon the film, and this -is shown as a 
whole mass of black spots on the finished plate, or white spots on the 
print. The author makes it an invariable custom to lay a piece of 
celluloid or parathn paper or cardboard under the part that rests upon 
the plate. 

The envelopes which contain the plates may produce an injurious 
effect upon the sensitized suriare. Ordinary paper contains so much 
sulphur that It is entirely unsuited for this purpose and even the 
specially prepared envelopes are not entirely safe. To be absolutely 
secure against trouble from this source the plates should be kept in 
the original boxes until just before use, and then should be put in the 
opaque envelopes in the dark room. Usually, however, the envelopes 
are sale enough for several weeks, except for some case which results im 
underexposure and prolonged develo; weno: then the slight harmful 
effect Up the plate may ie brought Out ariel na" entireiy overshadow 

ie picture. The paste which is used to fasten the seams ort the np velope 
has an especially deleterious effect upon the photographie plate, and 
ihe plate should always be put in the envelopes 55 that the smoot h side 
of both envelopes is at the film side of the plate. 

The author almost alwars exposcs two plates al . 
ao as to have one to send to the physician and one to retain 


the same time, 
as 4 record. 
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Trouble due to the effect of the envelop 2 upon the film @ um he 
by keeping two plates face to face in the same envelope, being ; 
not to produce the scratch-marks referred to above 7 

Sulphur and moisture affect photographic films very ba 
plates must be carefully protected from both of these. The am 
sulphur present in the IT ot ordinary dwellimes es) kha ally if lichted he 
gas, 12 shown by the quickness with which silver tarnisl es, Thi TERE 
tized film is really an exquisitely susceptible silver surface. The sam: 
factors occasionally damage the plates and films which are seni 
the Atlantic Ocean. 

Fogging from a-Ray in the Place in Which the Plates are Stored. 
—— | hie plates should be stored in another room and ao Dara bec by a 


Se 


brick wall from the z-ray tube. Even then they should not be kept 
on an ordinary shelf, but should be in a lead-lined box, and the cover 
of this should never be left off when the z-ray ts turned on in an adjoining 
room. Ordinary light diffuses into an adjoining room through an open 
door even if a screen is placed to cut off the direct ravs from the lamp; 
and in just the same way secondary rays anse trom every object in the 
z-ray room and any adjoining room not scparated by an impenctrable 
partition such as a brick wall. 

The danger of ruining plates or films, which may represent several 
dollars’ worth of material or several hours of labor, by a few seconds’ 
exposure to the z-ray is something that should be constantly borne in 
mind. It is an excellent rule never to bring an undeveloped plate or 
film into the z-ray room at any time except when that special plate is 
to be exposed for a radiograph. Another good rule is to have the 
eover of the lead-lined box for plates and films made in such a way that 
the cover cannot be taken off entirely, and that it will shut of its own 
weieht except when held open by the hand. In this way the box can 
never be left open accidentally. The author uses a wash-boiler, measur- 
me 14% 15%¢24 inches, for storing unused plates and films. He lined 
this himself with sheet-lead held in place by strips of adhesive plaster. 

Storage and Filing of Developed Plates and Films.—The small 
films on which tooth radiographs are made are marked with white ink 
after development, and all the small films of each patient are put im an 
envelope marked with the name of the patient and the exammation 
number. Thus, the envelope may be marked “Brown, 1635; 1, 2, 3. 

These envelopes are all arranged in numerical or ler in a card index 
drawer. but there is also a card index of all patients’ names from which 
the examination number and the size of the plate or film can be learned 
in & moment. aoe 

zich physician referring cases has a eard in cua card inclex evi 
the names of his different patients and their examination DUMDeETS. | 

Larger films up to 5X7 inches are stored in numerical order in a 
negative film file. The latter looks like a photograph album, but exch 
leaf i made up of thin transparent paper forming 2 pocket into which 
a film may be slipped. A hundred films filed in this way take up no 
more room than a book measuring 54>} inches and | inch thick. 

Films larger than 57 are kept if acparate envelopes andl filed in 
pigeon-holes. | 

Files for Plates Up To and Including 8 X10 Inches.—An excellent Ly pe 
of these is sold in America under the name of the Star negative tile 


(Fig. 540). It is made for 5X7-, or 64x S)-, or &X 1 l-inch plates anu 
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them off a closet shelf and carrying them to the light vr 
any particular plate, though it would be more convenient if one 
cafe place to store them where there was a good light. 

The same vertical files may be used for celluloid films and will hy 


| 
i 
i 
a 
| 


three or four of these in each section. 

Storage of Finished Piales Larger than &™< 10 Inches.—The Ld 17- 
inch plates weigh 3 pounds apiece and may be stored in the heavy 
eardboard boxes in which six of them are orngimally sold. The number 
of each of the six plates should be written on the outside of the Dox, 
and the boxes should be stored vertically between wooden pa rtitions 
about 6 Inches apart. The way which ts adopted by the author is to 
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Fig. 540. —Star negative hle, 
keep every plate larger than 810 inches in a separate envelope, and 
to file the plates of each size together between vertical board partitions 
about 6 inches apart. 

Large films had better be kept in separate envelopes made for the 
purpose with a thin sheet of stiff cardboard and may then be placed 
in a port-folio, or filed between vertical partitions, or kept in a drawer. 
Their lightness and the fact that they cannot be broken makes films 
very much more convenient to preserve than glass plates. 


FLUOROSCOPY AND RADIOGRAPHY OF SPECIAL PARTS OF THE BODY 


The fluoroscope has a very definite ficld of usefulness; first, in 
determining the quality of the radiance, and second, in the examination 
of cases in which a glance tells the whole story. Time passes so rapidly 
when a patient is being examined and considered that the use of the 
fluoroscope may lead to a dangerous length of exposure. One case in 
point was communicated to me privately by an eminent physician in 
this city. A friend of his had some affection of the knee-joint for which 
a fluoroscopic examination was made and a consultation held, 1 being 
estimated afterward that the knee had been exposed to the x-ray for 
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forty-five minutes. The result was a dermatitis followed by 
ful and intractable ulcer with such an effcet upon the system at laree 
that to save the mans life and reason an amputation WAS TH Hav erncel 
above the knee. Another case was reported by an excellent r: 
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Guileminot,” who had been in the habit of removing foreign bodies 
from the hand unde DUO ros opie observation. Eon instance, he would 
roughly locate a needle bey means of the Huorosco pe take i 


Intd ay Unt AM MAReG AN IMCision, then M the dark arm 


forceps, by means of the fluoroscopic image, until the needle was felt. 
and seized. In the case reported the needle could not be found, althouch 
two separate attempts were made four davs apart. During these two 
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sfances the patrent’s hand and both the doctor's hands were actyally 
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exposeil to the 2-ray for about thirty-five minutes, The distance from 
the tube was 3 or 4 inches, the vacuum waslow. Althouch he does not 
eive the strength of current used, 1t must have been considerable to 
enable the needle to be seen. The patient's hand and both the surgeon's 
hands developed a Very severe dermatitis with ulceration which took 
six months to heal completely and the skin was not absolutely sound 
at the end of a year. It does not follow that the fluoroscope should 
never be used, but it is certainly very dangerous im a case where the 


image has to be studied for an uncertain length of time, 


THE HEAD 

Radiographs of the crantum as distinguished from the face may be 
made on two different plans. One, which I designate as a marginal 
picture, is occasionally useful when the portion to be studied is a part of 
the skull or, at all events, is mearthe surface. In such a case the head is 
to be placed upon the photographic plate in such a position that the 
shadow of the portion of interest will be at the margin of the general 
imace of the head. If, for instance, it is about the forehead, the sagittal 
suture, or the occiput, the plate would be placed at the side of the head; 
while for a marginal picture of the temporal region the patient would lie 
with the plate under the back of his head. 

In the other, which I call the direct radiograph of the cranium, the 
portion of interest is brought as close to the plate as possible and its 
shadow wsually falls at about the middle of the general Image of the 
cranium. For a direct radiograph of a tumor of the brain the plate 
would commonly be at the side of the head. A marginal radiograph of 
the cranium should show both tables of the skull quite clearly. 

Fractures of the skull sometimes show very well in the marginal view 
with the fluoroscope, as cio also depressions or thinning of the skull iPom 
the pressure of cysts and tumors, but with the abnormal portion of 
the skull in the center of the image, the change is rarely visible with the 
fluoroscope. The radiograph, however, 1s extremely valuable. The cur- 
rent used for an induction-coil should be 18 to 25 amperes, and the tube 
should be 13 inches from the skin to the anticathode and should have a 
medium vacuum, resistance about 3 inches, and penetration No. 6 
Benoist. A transformer, or an unfluctuating converter, would make the 
picture with 70 kilovolts and 30 to 50 milliamperes. The exposure with 

the coil would be from fifteen to sixty seconds and with the more powerful 

apparatus one-fourth to one second. In radiographing a case of fracture 

of the skull in profile the plate should be placed upon a pillow on the 
i Archives DY Electricite Medicale, Bordeaux, France, Dec. 10, 194. 
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examining | table beneath the patient's head, the tube being 
ahbave the plate. For a radiograph looking dir ctly at the injur 
two methods are Av: ail: able. The tube may be at a distance oj 
from the plate, age Urine *} picture of the Sern head free [ror cic 
injured portion restit i Or the pols ite, Vacuum medium hich, resi 
inches, radiometer ‘Ko. & Benoit; or the author's screen for 
nay te used with 4 shield. lt enables us to bring thie STAT 
within 10 inches of the plate without danger of dermatitis, anc 
the structure of the portion of bone nearest the plate almost unol 
by the dhs tal image. Of course, the whole head is not shown: e| 
Ime would be distorted with the tube so close. This means ¢| 


i 
q 


the tube is very near the skin, and a preliminary test should be made 


Fig. 441.—Marginal radiograph of depressed fracture of the akull, seven years after injury. 


of the z-ray dosage at this distance and with the proposed strength 
of current so that the skin may not be exposed to more than a fraction 
of an erythema dose. And to make assurance doubly sure an intensifying 
screen may be used which will reduce the time of exposure to one-te nth. 

Fig. S11 is a radiograph of such a case. The patient, a boy of seven 
years of age, was beginning to lose his memory, possibly in consequence 
of an injury received when a baby. Hie father had thrown a saucer at 
the mother, but hit the baby's head, making a gutter-shaped depressed 
fracture which still shows in the radiograph. ; 

Radiographs proved of valuc in cases of “Bursting fracture” of the 
skull, reported by W ight, | the profile ag well a3 the direct wiew beukgz 
success! ul. a 

iNew York Medical Journal, April <i, Lhe. 
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The ventricles of the brain were shown to be full of air in a traumatic 
case radiographed by W. H. Luckett! (Figs. 542 and 543). 

Che diagnosis was confirmed by an autopsy. 

A-ray Examinations for Foreign Bodies in the Cranial Cavity. 
—The exact localization of a bullet or other foreign body will enable 
the surgeon to judge of the desirability of an operation for its removal. 

GSulletz or other foreign bodies in the brain are shown in a radiograph 
made with the plate in a stereoscopic holder upon the table and the 
most probable part of the head resting on it; the tube diametrically 
Opposite. It will be better, however, to use the author's lateral plate- 
holder as described on p. 896. This enables one to make a preliminary 
Huoroéseopic examination and turn the patient’s head into the position 


; ' Surg., Gynec., and Obst., August, 1913. 237. 
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Fic. 42.—Air in the ventricles of the brain. Lateral view. The arrows ot]; 
the distended ventricles. The large round white shadow is the ngzht anterior horn 
Luckett). 


ol 


the fuoroscope. A similar mark may be required in some cases at the 
opposite side of the head to indicate. the direction of the tube. Then 


Fic. 543.— Air in ti = 
; oy Sw i the vents - 
i acy distended with sir. tees of the brain. Anteroposterior view. Two laters! 
Mure ventrich: alan distended With nj rend white shadow just between and below te th 
| sak. ITOWS indicate the postions (W. H. Luckett). 


the plate in 9 sterenernnc: 
and the vertical hoard of themes is placed between the patient's head 
made. H the laters] plate-holder, and the radiograph 
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: : rn ofthe Cranium —The 

stereoscopic plate-holder may be fiat upon the table with sha’ patie 

head resting pom 11 and tube above: or the : 

authors lateral plate-holder may hold the 

stereoscopic plate-holder in a vertical position 

while the patient lies with the proper part of 

the head in contact with the plate-holder, and 

with the tube diametrically opposite. One 

radiograph is made with the tube in a certain 

position and then the plate is removed from 

the plate-holder and another plate inserted 

In exactly the same position. The patient 

has held perfectly still during this change. 

The z-ray tube is then shifted 24 inches 

to either side and another radiograph is 

made. A pair of such pictures examined 

With a stereoscope gives a combined image 

in which the perspective is shown. Quite an oe eh pane 

idea may be obtained as to the distance of . ¢. 5. balvin de heike 
= : a foreign body in the bead by 

the foreign body from the plate, but no exact triangulation. 

Measurement. 

Locahization by Triangulation.—This 1s used in the same cases that 
Gre suitable for stereoscopic radiography and mives much more accurate 
results, } 

Two pictures are made with the head and the plates in the same 
Position, by means of a stereoscopic plate-holder, but with the tube 
moved to either side for a distance of 24 inches after the first picture. 
The tube being at a distance of 15 inches from the plate the distance 
. that the image of the foreign body is shifted enables one to calculate 
by simple geometric rules its distance from the plate (Fig. 544). The 
piston of the foreign body may be determmed m this way to the 
raction of an inch. 

The details of a more exact method of localization by tnangulation 
involves the use of cross wires marking exactly the same position on 
the two successive plates, and also a solid metal object fastened upon 
the head at a portion about a= distant as the supposed position of the 
foreign body. This is more fully explained in the section upon the 
radiographic localization of foreign bodies in the orbit. McKenzie 
Davideon's localizer is also excellent for these cases. 
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Two cases of x-ray localization 0! bullets in the cranium and thei 
suceesstul removal were reported as early at 1899 by Lucas.’ 


Fic. 545.—Stereoscopic radiograph of the sphenoidal sinus filled with lead sh 


An interesting skiagraph by W. A.C. Hammel was pul Mished by 
Gamble and Tiffany? showing a chisel 44 inches long which had been 
projected violently Into a man’s neck and had remained concealed m 
the tissues for sixty-nine davs. The radiograph showed that the lower 
end of the chisel rested against if not in the body of the fifth cers eal 
vertebra, while the upper end extended an inch above the level of the 
hard palate. It had evidently gone downward and backward through 
the upper jaw bone. ap | 

_ A case in which an t-ray examination would doubtless have saved 
life was one which came to the attention of the author, though not under 
his care, before the discovery of the zr-ray. The patient hac beet 
struck on the head by a heavy piece of wood and sustained a scalp woun® 
which healed promptly and the man seemed all right for some weeks, 
but then quite suddenly developed symptoms of brain abscess and ai¢ 

ina few days. It was found that a nail had been driven into the bral 
and had broken off flush with the outer surface of the skull. 

One glance with the fluoroscope at the head in profile would have 

revealed the presence of this foreign body. 3 
A similar case is reported by O'Hanlon, Coroner's physician ts 


a 
a i 
i | co | 


' Brit. Med. Jour., Get. 21, 1899. 
a Phila. Med. Jour,, Jan. G, 1900. 
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the Ceroner’s physician discovered the bul ae res of the brain and 
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oe nave oe : Innocuous OUL A Irarment, of the | = hd ie 
of bone adherent to it set ip the irritation v hich 
of the brain and death. 

An & case reported by Weiser! radiographs showed a bullet lving in 
ae cow e um. There were marked symptoms at fire. but the ha) 
Was NOt removed and the patient be | 
well. 

Foreign Bodies in the Orbit or the Eye.—These are usually of 
emall size and the exactness with which they must be located makes 
lts accomplishment by means of the Huoroscope alone require a dan- 
rerously long CA DASE, : a 

Radiographic localization is based upon one of two general principles. 
By one method, not Often used, an anteroposterior radiograph is taken 
upon 4 plate in lront ot t he face. the tube being hehind thehead. Then a 
lateral radiograph is made upon a plate at the suspected side of the face 
with the tube at the other side. These two pictures enable us to locate 
the foreign body at the intersection of twolines. In such a delicate orean 
as the eye, small fractions of an inch count fora great deal. The general 
topography of the cranial and facial bones, as shown in the radiograph, 
does not afford suliciently minute exactness for this purpose. Land- 
Marks are required, such as bits of lead, which some operators have sewed 
fast at the upper anc the lower border of the cornea. The patient must 
be instructed to look straight ahead during the exposure to the x-ray. 
The anteroposterior radiograph will show at what cistance the forelcn 
body lies from the vertical line passing through these two bits of lead, 
and the lateral radiograph at what distance behind the same plane. 
Both radiographs show the level of the foreign body. 

It is a matter of saving the eve, and these bits of lead can be attached 
without any injury and without pain if cocain is used. This method 
is, therefore, perfectly proper if regarded as necessary. 

A similar method is to fasten a bit of lead on the outside of the upper 
evelid directly over the center of the pupil, the lid being kept closed 
by a bandage. The patient should be cautioned not to move the 
evelid. E . | 
Still another plan is' to have a lead ball held just in front of the 
middle of the cornea by a stem fastened to the plate-holder. 

The patient may lie upon the table at first face down upon the plate 
and then with the affected side of the face resting upon the plate, or 
the author's lateral plate-holder may be used to hold the plate m a 
Yertical position close to the patient's face. At first the patient les 
on his side facing the plate; and later face up with the plate at the 
3 The eee tube may be enveloped in a shield with a leather disk to 

i Boston Med. Surg. Journ., March 22, 1906. 
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Fig. 46.—Localizer for foreign bodies in the eve and orbit. (Sweet method). 


coil or a fraction of a second with a transformer or an unfluctuating 
CONVETLET. 

The head should be held perfectly still, sand-bags beige used u 
Necessary, 

' Anything i= large as a shot would be easily located in this wav, 
but smaller objects, hke small splinters of steel or glass, might not be 
CS erable LT the anteroposterior Imare, 

| ~ocalization by Triangulation.—This is the only method which i 
apphcable to all eases, even those in which it is necessary to decide 
bata ‘ther 4 spicule of steel or elass is imbedded in the sclera or just 
Outside Gr inside, | 

SWweel s annar the Fe ; ‘ 
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lies Page up Ty hile Cine plate tn Position, 


the tube is at the opposite side. The bit 
head band by Which it is held in position 
of the middle of the comes. 

Bowen's Arrangem: nt.“—This consists in having the patient le with 
the afiectec sicle ii] the raiee restina upon a hor eats , : seek = with 
ube over the opposite side af the ea, eras lorizontal plat; with the 
Li pposite side of the face, and the two bits ot lead fastened 
to a stem whose heavy base rests upon the plate. oy st al seh 
as re = ee egies of localization by triangulat ion the first radio- 
eTapn May ole sel WIth Ene tube in a line with the one or two bits of 
lead, or 1+ inches to either side of that line. The second one is made 
with the tube moved 3 inches laterally, a little above the line of the 
one or two bits of lead. 

A stereoscopic plate-holder is convenient because it enables one to 
Taga the first plate and insert the second without the patient moving, 
It is not used because of any necessity that the two plates should be 
placed in absolutely the same position, so that the picture would come 
On exactly the same part of each plate, aS in st ereoscopic racdiorraphy. 
All that is required for the present purpose is that the successive plates 
Shall lie in the same plane. Some operators prefer to take both pictures 
upon different parts of the same plate to prevent their ever becoming 
separated or mixed up with radiographs of some other case. Heavy 
lead is placed over one part of the plate while the first picture is made; 
then the position of the plate is changed and the lead placed over the 
first part of the olate while the second picture is made.® : 

The eye should be fixed in position, and if it is open this ts best 
accomplished by placing a bright object at the proper position for the 
patient to look at, or he mav look at the reflection of his own eve In a 
small mirror. Another way is to place the center bit of lead against 
the evelid over the middle of the cornea with the eye closed. There 
is then very little probability of the eye moving. 

The tube may be out in the open air or enveloped in a localizmg 
shield or a compression cylinder may be used. The latter would not be 
for compressing or even for immobilizing the head, but simply for its 
effect in cutting out secondary rays. The author's preference is for a 
localizing shield with a sole-leather disk to arrest the soft rays. 

The radiograph is not a difficult one to make. The distance from 
anticathode to plate should be about 15 inches; the penetration No. 6 
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1 Annual report of the N. Y. Eye and Ear Infirmary, 1906, 
2 American Quarterly of Roéntgenology, vol. 1, No. 4, July, 1907. 
3 Hickey, American Quarterly of Rontgenology, July, 1907. 
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ha place. a small Ssand-hae malas 11 aclijustable eushion for the hencl., 
. The CLD: is Dace with its anticathode at a messured distance of 
JUSC MM) cm. Irom the plate “anc Ls normal to the 

. - This direction is obtained hy siehtine fror 4 brass 
cede penn the plate and through the intersection of the wires. 


ri a ol the eve is obtained by having the patient look, chicls 
with the MMP eve, of course, at 4 31 


10 inches ahove ere ath small wooden ball suspended about 
ify rt = abo the CXC. Center of the commen of the injured! eve, 

rae tam = has CECT obtained bv lowerine the woocden ball to within 

OKs distance Of the Injured eve “fel then acjustine che cross har. from 

WHIED Lb is suspended, until the ball js firestic RES feta AF the 

comes, and then pulling it Up into position. | 

f he marke reli drop of solder on the end of a brass wire, which 15 

fastened to curt adjustable ro attachecl to the nation?’s head by a bani 

bees like « forchead mirror for So es SCS CAA Dy A 

It is fastened directly in front o 


Miecasy red distance, fA ur x Thityy ir 
, - sd " _ a m ? : 


a plate at the intersection 
Ol Che ¢noss wires 


AYngoOscopic or aural examinations. 
t the middle of the cornen and ml i 





PE F-RAY 


AS a 
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=m 
oe “ee 


Fic. 445.—Dixon's method of localizing foreign bodies in th 
ind patient requires that the z-ray tube should be enel 


ie tri Cera int 
Lah hi 


bie Seis 


= a 


Fie 0.—=Sshowine fisation of the eve in Diwon'’s method of locabmng foreign bodies in 
the eve. A localizing shield should be used. 


Before making the first exposure the z-ray tube is lowered vertically 


5 Cm. 


This means backward with reference to the patient who 1s [ving 
face up. 
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After the first exposure the tube 1s rails d 6 em. or ‘ | 
above its normal position and the second exposure is made 


plate. a aad 5 ie qq” Lay f y TWEE rT ry 
P The calculation of the result requires only two prelimin: 


trom the plate ba the anticatho ie, sre 


mens. + he (11s Linte . 

J = 4 z hs Yat t met 

from the cornea to the bit of lead. as 
Ouotations from 4 ¢nse 0 Lr. Dixon S MoOnorraph & 
L i & ae a 


localization is made. The distance from the anticathocde to 
Pe ead ‘Li | Bbiel . : 


was ol. cM. and that from the cormea to the bat ul leach, a PUTT. 

Take a piece of drawing paper and craw lt line, it rhea i 
which indicate: the normal line at the intersection OF The cross 
A li . belles = a ethers “gine che 
ticular case, of 51.5 cm., will indicate the Vereles line aon e which the 
r-rav tube is moved. A line, c, also at a right ancle to this, near on 
end, will represent the plane of both the first and second photographic 
plates. | or ke 2 =oe eS 

The line a on the photographic plate represents the er SS Wire Which 
is parallel with the length of the patient's body, and the line & the wire 
at. right angles with It. 

A measurement is made on the first plate of the distance from the 
line a to the point of the lead indicator. This distance is measured off 
on the diagram from the line a along the line 6, and the point reached 
is marked o. 

Another measurement is made on the first plate of the distance of 
the foreign body from the line a and the result of this 15 marked on the 
diagram as the point <x. 

Similar measurements on the second photorraphic plate ceive the 
points o and z on the diagram. 

Now mark the position of the tube at the time of the first exposure 
at a point Ex. 7 on the line 6 at a distanee of 3 cm. from the line a. 
Mark also another point Ez. 2, indicating the position of the tube during 
the second exposure. 

Draw lines on the diagram from Er. J to zr’ and o*: and from Er. = 
tooandz. The lines to 2 and x will be found to have crossed In space 
at a point which is marked 2”; and the lines to o’ and o cross ato’. _ 

The direction and distaner of the point 2” from a line drawn through 
a parallel with ¢ show whether the foreign body is toward the photo- 
graphic plate ¢ or toward the median line of the head, and at what 
distance it lies from the vertical axis of the eye. \ 

Only one factor in the localization of the foreign body remains to 
be determined, and that is the distance above or below the horizontal 
axis of the eye. The distance from the cross wire 4 to the indicator 
should be the same on the two plates if the tube and head are properly 
Placed. ) 

These two distances are measured upon the line ¢ in the diagram. 

. Lines are drawn from the two points, z* and o”, thus found to the 
middle point ot the line b. The intersection of the line passing to xr 

with the line drawn through x”, parallel with the line ¢, shows the 
location of the foreign body upon a horizontal plane, while the inter- 
section of a lme drawn too’ with a line drawn through o* andl parallel 
with the line c, shows the position of the indicator on the same plane. 
Plotting these measurements upon the chart, in this particular case, 
we measure off 10 millimeters back from the center of the cornea, and 


E 


ne marked 6, at a meht angle to a, and at a distance. in this 





THE T-RAY poe Le 


S millimeters below the horizontal plane, and 6 millimeters te the 
temporal side, and thus indicate the point of location of the foreion body 
in the cove The method of location by trianeulaty Th ast clipe mire fe i 
Mehenzie Davidson and partly to Sweet, Fox, Hulen, Dixon Bowen 

In makine all the different measurements one should be carefy] ta 
use the same part of the image of the foreign body, if the latter is lareer 
than a mere dot. It 1s casy to sce how errors of a distance equal ta the 
Aismeter of the forcien howdy micht result if the Sie portion Were not 
selected for all the different measurements, me 


Fig. 54).— Radiograph by Dr. Dixon localizing foreign body in the eye. 


This foreign body (Figs. 550 and 551) was «o large that separate 
Measurements were mace to locate ite different extremities. 


‘The onferior eriri miatiy Was 

back from center of comea.... eee 

. Ta nasa! ahi at center Of Corti an at ee ee eeu cea is 

The posterior extremity was mar 

hack from center of cormen,... eer ee ar te aaa mee a 

fo temporal side of center of cormem........ SP etgcd a ae oth 
The superior ertrentitiy was 

ow center of COrmem..... eee ww 
The taferior extremity was 

bee bow Cerier af Cornea a ee t 
The foreign bo ly measured 2650 mm. and weiehed 0.47 


orb 
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to the eve by a foreign boaly when there is r une ed visual acuity, whether 


there is a distinct history of possible penetration by a fore 


E 5 
ry 7 un 
E Lil Leal 


A Tr cer raphic Ce xLITINs ition afi woul i be Th: ie in every (Ase af Murry 


Or mot. 

The foreien body may possibly be so small that its shadow 
detection, but this 1 unmlikels im an excellent r diograph. 

Allowance must sometimes be made for mvopia or hi Ypermetroy in 
in esleulating the positon of the foreign bocly The variation from 
the normal diamet ers of the ey ye-ball Pe have to be consilered 


Fig. 551.—Second radiog ae in the localization of the foreign bedy in the eve (see 
Fig. 5) 


De Schweinitz' has observed slight variations which make it difficult 
iO Say whe ther za bird-shot is cither at or immediate ly OUtsIe OF INnsie 
the sclera. . 

The ANT LETOPOSte rior Rost ter of a normal eve WaATiCs from 20 to =} 


RTULLLT mete PS. “Piel ifl One® ese inl wih tT. h iF a dT! locate | PLE shirt just Outs ice 
f isl Li iE Ti Whe TEL. Wa | Tila SLL Et cl 


he selera Dr. Me irple found it ta be | pus 

6 feet 2 inche: s in height and had an ev 26 millimetsrs diameter. 
li this fact had been taken into caenkaraticin the location sie probably 
have been correct. 

Stilling states that variation in the diameter of the eye-ball 
Independent of errors of refraction and that a myopic cye of 4 DD. may Ot 
actually shorter than a hyperopic eye. 

i Journal Am. Med. Assoc., Aug. 11, 1908, p-. hrs. 


1 
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The r-ray may be used to ascertain whether «a shot which 
been bodied in the vitreous. or elsewhere, has hecome lonsennm 
onto the « ilisury body Such a change in Position Mmilght bs 
irnddocvehtis. oases have been reported by Marple! in 
has shown that there has been a double perforation of the ey 
shot, the latter having pone completely through the eve-bail an 
lodewi in the tissue outside The clagram reproduced in 
represents Dixon's chart for use in these cases. 

Radiography of the Ear and the Mastoid Cells.— The classic 
ture of this region 15 made in the method elaborates! hy Lance 
direction of the ray is from the z-ray tube, placed on the opposit 
at a point 25° above the horizontal line between the auditory mes 


20° behind that lime. The plate is pressed against the affect 


. 2 eee eS Se 
pee ees ee ee ee 


5 me 5 me 


7 
Se . : 
=Enp-1=neT, 1 rr re Te . 3 : : . mas 
u se ges al ies eo . 7 = ! i as es een al Ee 
: = : 5 bed eet ed bd 


Se esse ciaiiaiel z cy 
— = ys a ae 
Te ee. Serer 
ST ; 


=e [te 


Fig. 562.—Weeks and Dixon's modification of Sweet's chart for plotting location of 
eign bodies in the eve and orbit. 


head, the ear being bent forward. This fives a picture of one mastoid 
region and includes the lateral sinus. Another symmetric radiograph 
should be made of the opposite side for comparison. | 

A position employed by Wim. H. Stewart? is with the patient ving 
face up and with a somewhat raised platform under the head so that the 
occiput rests upon the plate. The tube is placed above the head, but 
about 15° back. Thiz gives a simultaneous view of both mastoid 
regions down to the tip of the mastoid processes. The author suggested 
in the discussion that Stewart's position could be used to obtain better 


‘Journal Am. Med. Assoc., Aur. 11, 1906. p. 421 
* Meeting of American HRéntgen Hay Society, 1000; Fortechr. Roent. Serbs bean, 
July 8, 1910, p. 208. . 5 
'(tological Section, New York Academy of Medicine, May 12, 1013 
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single pictures by displacing the tube first to one side and then | 
= i Pe oe Ree | beer 


other for the sem nc plate. 

The mastoid cells of both sides show very well in an anterore, 
radiograph made with the tube behind and in the median line whi 
plate bel Th front. The res ti r bemgrth ot the plate stich ra eee : 
The snticathode of the tube should be on a continuation of tl 
from the external auditory meatus to the tip of the nose. = 9c tom ‘aa. 
shadow of the malar bone fall above that of the mastoid « tL: j 
picture is a difficult one to make, and ts made as follows: Pp, wPHey 
7 Benoist; distance from plate to ant cathode, 19 inches: exposyre 1 a 
eixty sccomils with an induction-coil or about one second wit} 7 may 

. : : ’ it i ran 

former or an unfluctuating converter. An intensifying sepeoe, 

— Jie Screen yy 
reduce the tume of exposure to one-tenth, and if several pictures 4 
be made the element of x-ray dosage becomes important. A diant A 
and a sole-leather sereen are desirable. The diaphragm shou! 
non-conducting material, so that it may be in immediate contact 
the z-ray tube and give a wide angle of radiation. 

7 he mastoid cells and the middle and internal ear are shown very 
well in a radiograph made with the plate at the affected side of the he ~, 
is: = se tai the Opposite eTie it the ii mtimnusat li Ty of | lire | aering 

Sis the head an inch above both external auditory meati, — : 
1h atm jo th Fw 8p lok - ; s ye ir 7 
on ni pHaAt IS tO be studied by transmitted light in a negative ex- 
A r wht ph [ F be a) Ei 3 =r i -—' ; 
amining bex. Air cells appear dark, which ts changed to light if the 
cells are full of pus. 7 
a FT 5 & _— . - > week ‘i Le. 1 a ae 
_ The picture is not very difficult, although the plate may be a little 
thin or faint. : pes 
ee -ray Diagnosts of Tumors of the Pituitary Body.—This is a disease 
which often causes abe Se “. e nie 

‘o HM tae: fl CAUSES absorption of the posterior clinoid processes and 
se iftiie th of the sella turcica. A.J. Giordani has made a number of 
ae Leh ioe of this condition from radiographs. 

i¢ radiograph should he can latorallv wrikk 

mr directly jgaced ee be taken laterally, with the normal ray pass- 
eathode ahout peices both external auditory meati and with the antt- 
No. 7 Bes = eas from the plate. The a-ray should be about 
hte CHO. AM . iia Pas” Crk ite : So, 5 57 
induction-coil t uf cnisuraens will ue) from forty seconds with an 
py eisai Oo aac of a second with a transformer or an unfiuctu- 
et Ca CrLe gr. - ea G < Fi curls : as ea | ae 

E nati rf laphragm or cylinder improves the definition. 
ase oo nation of the Teeth and Maxille.—One of the most im- 
portant applications of the x-ray js j = rane tig 
of the teeth makes tl ray is in dentistry. The greater densits 

- i ‘fad | : r 4 : 7 re a a - E . me 1 4 ; | = 
substance $ them show very well in contrast with the less dense 
eubetance of the }; ancl with ‘ 
fi ihe jaw, and with a certain quality of ray the tooth itselt 
3 transparent and its pulneavity Tae 4 cing ma ; 
even pulp-stones m es 2 Petavity and root-canals may be studied and 
iD-=LOmes a he cern = Sears = 
the existence ; cd ere discovered. One of the conditions studied 1 
portant the ‘ a tepane, of unerupted teeth, or, what is e ually im- 
SPER, CO Tach That the pos ee ae 1. ¥ yep 
(Figs. 553-557) reas asaae germ of the missing tooth is absent altogether 
have taken place ee “4 os ' the extent to which softening and decay 
3 = 3. : ro BS if | a a = Bock a 
in which a cavity at 4 oars Fig, 558 shows an upper central mcisor 
a : q* ris ta hee re = = a . = 
covered and filled by Dr Ch erable distance above the gum-line was (lis- 
later he sent the pati wet t as. {. Allen, of Brooklyn. A couple of years 
ness in the same toath. The suffering from indefinite slight sensitive 
tending far beyond the liz 7a picture showed an area of softening © 
destruction of the nerve. i, Gf the filling, and indicating probably the 
‘ Mery ee, “fbr res —_ y 
gum far enough back to get ear on my advice, Dr. Allen pressed the 
: Bet at this part of the tooth, found ver¥ little 





A 
Pic. SL—A, Cnerupted opper bicuspid tooth. Apparatus ma 
E. te rower «af laain er jaw, cw beige Lif =a" fia ane | ie 7 pete he haw a ERT ol po 


i ee 
Lia 


all the Porn oriry bes Ein Waser par mtemt at the nee of tue Oty Years 


Fig. er. —LUnerupted Upper central incisor. Fig. 565.—Persistent temporary lower 
The tooth iteel! bent and rotated. molar with unerupted byecusped. 


Pig. 556.—Unerupted lower bicuspid Fic. $57.— Persistent temporary lower 
Faulty technic, since the radiograph docs molar. <Apparatia for providing space lor 
Bot ebowW tie once beyond the roots, the bicuspid. Radiograph show, the latter 

ie ca bernat. 


ee ae _ ihe, li 


ree ia = 8 = yore : 1 
Pig. eS — aries of thee root oof ti hparr Fig. Soo.—Extweive fairies the 


Cretralinelear. Hack masses are fillings: bedy and root of upper central ince. 


ae vornl be ifr at the ne rik : 
Ty ; Proaimal snmeles hie bad not been auspectect, 
(where two adjacent tecth are in contas t}. 
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af the nerve and removed that, excavated, and filled a very large cavity 


in time to save the tooth trom breaking off 
i ear si =a5H= “ ey 1 = : P| 
The condition of root-fillings and pivot tecth is easily determined 


(Fics. 560-565). 
i : : ? a a = = ne = 
[in Some cases 1n unerupted tooth 1s the cause of anxiety simply as to 


‘tht —Absorption of alveolus rig. o51.—Sornnal in 
Hans of denudation at apex of molir has excellent pivot tooth 


aH : = EF =i 5 [= | a. e bean = ma el i 
atula anc peut ion LTS DCs TE SOW Trae 
fA OTS cao a 


fiat, eG ral La inta thie Fier, CA DAL. 


the proper regulation of the tecth to accommodate it when it comes. 

other cases the unerupted tooth ts lying in a faulty position and causing 
harm in that way. Fig. 566 (voung lady of seventeen, patient of 
Dr. J. 5. Hasbrouck) shows an unerupted wisdom tooth e¢rowing in a 


Fig. 562.—Crown amd bridge work, Pie. 563.— Pivot teeth. 
Pivot Prtiorates the nat of lateral inecixor, Inciaor has retracted. This 
Laffer ores Of mec, is defective in ment extepalitg th ward 
cote, CA better one showed abeorpticn 0 


the root aml alvecius 
direction almost at a right angle to the molar tooth in front of it, and 
causing the sudden appearance of very severe pain, which had con- 


tinued without interruption for three days. The cause of the trouble 
was suspected, but the fact that the lower canine tooth on the same side 
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i a a" . a a : a al = - a 
not enuptel made the r-ray examination indispensable. 


he jaw with the author 2 dental Huoroscope 
- «rt Pon of the wisclom tooth and the entire nabs 


. 
Toe. 
Ele 


jj i 
shower Tria 


- 
=e "7" a 
hit (| thie rein & 
= = a bok 
i 


i canine, and this was confirmed by the radio¢rraph 


Fig. 44.—Pivot tooth a litth dis- Fig. 565.—Excellent root-flling 
placed and root canal not filled to ite apex Op peer rebar 
Chronic irritathon. 


In a young girl (a patient of Dr. Chas. 0. Kimball) the left upper 
lateral incisor hac bern to be everted and also rotated on its axis. 
A radiograph showed this to be due to the faulty position of the un- 
erupted canine, which as it developed was driving directly agamst the 
root of the incisor. 

The Author's Dental Fluoroscope.—All the above conditions are 
asily seen with the author's fluoroscope (Pig. 567), published in the 
International Dental Journal, July, 1904. This is shaped somewhat like 
a dental mirror or a laryngcecope, but instead of a reflecting has a fu- 


. = 


Fic. 566.—Impacted lower wisdom tooth. 


orescopic surface on both sides, so that either the side toward or away 
from the z-ray may be looked at. It is placed inside the mouth, and 
the room being darkened, the z-ray tube is placed near the side of the 
face. The image of the teeth and roots and even of the structure ol 
the jaw 4 inch beyond the apex of the roots shows very well. Phe 
tube should be of rather low vacuum, resistance 2 inches and rmidio- 
meter 4: the current much less than for a radiograph, the anticathode 
10 inches from the face, and the exposure only a very few seconds. 
For instance, the presence and position of the unerupted tooth may be 
determined at a glance, and this is entirely safe and may suffice for the 
whole examination or may serve as a guide to taking the radiograph 
from the most advantageous point of view. But a prolonged study ol 
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ies . 
= j — nioy 148 Pt, Meas! cl 
the fuoroscop DETLSLE : "ha . ie 
detail should always be from the radiograph. = 
Th 5 luther s VWiaonitfiina Fluoroscopy iF if. ovt ee) 
7 about 4 Inches MOLLE, 


with its costed surface 


Ane rs here as clsewhere. 


trumpet-chaped metallc apparatus, 
large ext remuty by m Thunor sccnt Sart 1 , ilo . 
The smaller extremity has a flaring rim, which fits closely over one of 
yy Ob dee ok . : aa = 5 4 “-, er 
the ob ervers cvyes when In Use, 50 45 TO exclude every particle of light. 
r wee A 5 et . - is 


7 7 ys 
PoE: p= gree = 


Fic. 567.—Tousey’s dental fluoroscope. Its use ia extremely dangerous to the oper 


and has been abandoned by the author. 

There is a marnifving lens in this end, which can be moved back and 
forth so as to focus the vision of the obeerver accurately upon the 
fluorescent screen, just as a jeweler’s lens does upon his work. This 
fluoroscope is held close up against any part to be examined, and en- 
ables one to see details which are quite undiscoverable im the ordinary 
large fluoroscope. 

lt may be used with advantage in dental fluoroscopy, applied to the 
outside of the affected side of the face while the tube is at the opposite 


= 


Fig. 365.—Tousey’s magnifying fucroscope. The use of this has beon abandoned a2 too 
dangerous to the Oopemntor- 


“ade. The lateral AS pect ot the upper jaw is accessible In this wav for 
the study of the antrum, the alveolar process and alveoli, and the teeth. 
The latter are seen best with the tube at a lower level, so as to shine 
under the opposite teeth and then through the roof of the mouth on the 
affected side. Me 


A single glance at the Huoroscope will show that the vacuum should 


eortaiecie low. With a fairly high degree of vacuum the roots of the 
4 present hardly any contrast. with the structure of the jaw, Gunite 
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A | fair degree of Intensit ts reqpuiredd. The operator s lace ia errs 


eanivy sO near the 3-ray tube in making this examination that reason- 


ee ae The chief one will 
be the use of the shield with a sole-leather disk, limiting the z-ray to a 


able precautions must be taken to prevent injury. 


emall Trea and iH rrestin al i hice i= itt rays, which ATe aate OTs likely rm 4 = 
the Operator 4 Ti Phe l= ct lencl-2inss a ctael lps re: te arnabile P 


O 
protect the eve. The hand should be protected by 


, rloves opaque to 
the r-Tay. Even with all these precautions, thie examinat ‘on cite oo 
the operator to too much exposure to the r-ray to rencder it desiral (= ee 
a routine method. The presence of a “nasal” tooth, which might 
escape observation by ordinary radiographic methods of study of the 
tecth. will be detected at once by this method. It 1s cimilar in the 
results yielded to the ordina r¥ lateral radiograph of the whole face upon 
a plate placed at the affected side. } 

Dental fluoroscopy is chiefly useful in detecting the presence and 
position of unerupted teeth. It is not so useful as radiography for the 
study of structural details and is exceedingly dangerous to the operator. 

Salvini' described a lens fluoroscope resembling the author's mag- 
nifving Huoroscope. 

Dental Radiography —For most cases the picture is produced 
upon a film, plate, or sensitized paper placed imside the mouth and 
closely applied to the inner surface of the teeth and gums. The z-ray 


= 


tube is placed at a distance of about 13 inches from the anticathode 
to the face. It is of very great advantage to have the tube surrounded 
by a localizing shield affording the operator almost complete protection, 
and shielding all parts of the patient except about the mouth. ‘The 
operator making many such pictures, and sometimes having to hold the 
film in position, would run a serious risk without some such shield, while 
the patient is not affected in any way by the fraction of a mmute’s ex- 
posure to a moderate radiance. One of the most important facts m regard 
to the x-ray is the cumulative nature of its effect on the tissues, and this 
has been productive of many serious accidents to operators and exper 
menters. Considerable latitude in the degree of vacuum Is permissible. 
The resistance may be all the way from 2 to 9 inches, but where the root- 
eanals are to be studied we would not use the lowest degree of vacuum. 
A 12-inch induction-coil is quite satisfactory. With more p wertul 
coils the exposure may be five seconds, and with weaker coils forty 
seconds. The use of a transformer or of an unfluctuating generator 
reduces the exposure to about one-fourth second. The film for which 
these are the proper EX PoOSsure is the Eastman positive cinematograph 
film. made by the Eastman Kodak Company of Rochester and London. 
lt is many times slower than the ordinary kodak film. The exposure for 
the latter would be correspondingly shorter, but the picture produced 1s 
not so good. Eastman z-ray film, put on the market in 1912, 1s excellent 
and about three times as rapid as the positive cincmatograph film, but 
cloes raat pve quite the same detail. ariel i= usually i complete failure in 
midsummer heat. Slips of bromid paper require an exposure of fifty 
seconds with a 12-inch coil, and may be developed In any dimly lighted 
room. The finished picture may be made and pasted on a card within 
five minutes after the patient comes into the ofice. The author made 
a radiograph by this process at a demonstration before the First District 
Dental Society of New York State, December 14, 1904. The bromid 
} Proceedings Acad. Med. Chir, Perugia, Feb. S, [Sia 
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- Z re i “a | ; 1 F 
Lay F F is “Fae CL Pirie ba i=. 3 | [ L Ti iy im F 
paper is excellent for everything excep wh details, anid to eae a. filo 


or a print nice [rom 2 film ts mee bette , = “ad 

The hime are cut into picces, EEC ELS URE TEL he int I a yw Ly ne eS, ane 
usually two of these are wrapped together in black paper, ANG An OUut- 
side wrapping of paratiin paper or the thinnest rubber-dam Is applied 
just before placing the ithe pac Re mt the PAMCHL = mouth, 
kedak company sell little packages contaming two hims of the correct 
size for a tooth picture already put up ina hght-proot envelope. [wo 


ff ata 


t hin shaets ot rubber, called | malate rubl mk TE ty ha A he _ Lt clot tll (* IYEring 
i adhesive suriaces fastened to the front and back 


stripped off and t : : ee bocce 
af the film-pocket and their edges pressed together all around. The 
everss is thmmed away with the scissors not too close to the paper, Fig. 


569 shows a convenient holder for dental films, by means of which they 


_ 


_ ony, 


ee 


Fig. 549.—Satterlee’s dental film-carrier. 


may be suspended In deep vessels containing the developing and fixing 
solutions and subsequently hung up to drv. 

Raiiography of the Upper Teeth—The upper teeth are not easy t 
radiograph correctly. Owing to the flatness of the roof of the mouth 
It is impossible to place the film in a plane parallel with the long axi3 
ol the teeth. The film is held elose acamst the root of the mouth, and 


il 


the inside of the gums and the head must be tipped toward the 
tube (Fig. 540). If the proper angle between the surface of the f 
and the direction of the z-ray is not secured the image of the teeth shows 
them elongated (like shadows about sunset) or else foreshortencd. 
he Pa tube is placed on that its ari ieathode if at a distance ot 
about LO inches from t he sensitized film. ancl at such 4 distance above the 
level of the teeth that the Imacre of the teeth uwoon the film will be 25 
near as possible the same lencth as the teeth themselves. If it were pos- 
sible to have the film placed in contact with the whole length of the tecth 
and their roots, it would make little difference at exactly what angle the 
tube was placed, but as the roof of the mouth slopes iW ay from the roots 

of the teeth the film is not placed in contact with the roots or even exactly 

parallel with the long axis of the tecth. Some little study, therefore, 
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Kadiography of the Teeth 1 pon a Horizontal Film—A very good 


picture of the teeth of the anterior two-thirds of the upper jaw and of the 
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Pig. 590.—Rediography of the Upper teeth upon a small film held against the 
the root of the micwgeli Ripps foeer shreld 


avd 


this character the position of the tube has to be decidedly higher than 
when the film is more nearly parallel with the axes of the teeth. An 
angle of 45 degrees will be found about night. The image of ANY [eur= 
ticular tooth is best produced when the tube is directly opposite that 
tooth, co that the z-ray shines through the space between that tooth and 
the adjacent ones and makes a clear shadow of the tooth in question 
without overlapping part of the adjacent teeth. Two or three teeth are 
shown very well in such a picture, while the natural curve of the yaw 
results in simply a confused mass for the teeth beyond. The apex of the 
root of any tooth is at a somewhat greater distance from the film than 
the crown of the tooth, and consequently its shadow iso littl: enlarged 
and a little leas distinct than that of the crown. The enlargement, 
however, is not sufficient to interfere with the result. The lack of dis- 
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Fig 57 1.—Radiography of the upper incisor teeth upon a horizontal film. 


Two films, 2 ‘ 2 ; Inches, Thay’ be simply Wrapped in black paper “rcl Dara t- 
Sash apes ssc rubber and held hori ntally [ ri 1 he rut hi ] ry the rial lent. 

ee ares a somewhat loncer exposure than « picture taken 
Upon At film hele close to the miner surface af the tanth: the difference in 
time being that, if the latter picture requires ton ser nds. the former shi wild 
be given fifteen seconds’ exposure. These are average exposures with 


an induct in-coil. ane are th 
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The usefulness of this method i greatest in the upper jaw, and 
paealty an canes ar suspected unerupted teeth and a large cyst or ab- 
aness Cavity, which Somcoines forms in the st Ne ide Taking ae 
siderable pains to have the film held as far back as possible In the at math 
Le av get a very fair picture of the amt rum, but the roots of the molar 
one Me. he somewhat indistinctly represented and not to be 
chown in exactly their normal relation or length. The last upper molar 
can hardly be studied in this way at all. Figs. 572 to 477 are radio- 
sraphs made by this method, and : show different parts of the upper 
and lower jaws. For the lower Jaw the POstrOm of the tul ee als OWeE 
level than the face, and the chin rests in the orice of the locahzing 
eviinder, which 1s at an angle ol about 49 Ho es 
” Tn all dental radiography the anticathode should be at least L inches 
from the skin to get the best results. The author felt at first that it was 
eqmetimes necessary for the operator to hold the him In position by plac- 
ing his torehnger inside the patient’s mouth. The finger itself was sup- 
posed to be protected by the fact that the ray has to shine through the 
patient's face first, but the rest of the hand Is apt to be direct lv exposed 
to the ray. The protective gloves, in which some such substance as 
barium or lead oxid render them opaque to the x-ray, were used, but 
the tip of the forefinger of each one, and possibly the thumb, were cut 


teeth are apt to be 


Fie. 575.—Tousey's vertical bim-carner. 


away. This may be done in such a way as to leave the dorsum of the 
thumb and forefinger protected by the glove while the palmar surface 
isfree. A better Way In cases where it is practical We is to hold one edge 
of the film-packet in a pair of forceps, and in that way hold it in proper 
position inside of the patient’s mouth. This will enable the operator 
to use gloves which have not had the fingers cut away, and also to have 
his hands beyond the range of the opening of the localizing shield. 
It will be difficult for the operator to hold the film absolutely still for 
the necessary length of time, and this difficulty is added to in some cases 
by involuntary motions on the Pert of the pat lent. The only piace where 
the author has found this method at all easy is for the lower molar and 
bicuspid teeth. It is better and safer for the patient to hold the foreeps 
after gently closing the mouth. 

The Author’s Hands Injured by Dental Radiography— The practice 
of holding the films in position proved exceedingly dangerous to the 
operator, who has to do it many hundred times, and left the author with 
incurable keratoses of the fingers, which if a little worse might have de- 
veloped into epithelioma. A little instruction will enable any patient 
to hold the film himself and so protect the operator from the danger of 
frequent exposures. | 

Little film-carriers (Figs. 578 and 579) have been devised by the 
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author for holding the film in this position by 
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which, when 


or other wrapping. 
of course. “There is a sort of Hange 
holds between his teeth, while the part cont: ei ung the f 
held in position. These vary somewhat in form, according 
they are tor the ti per or lower jaw, and as to whetl be r they 
To prevent any possibility of A patient swa Lowine such 
handiéts provided: ‘This aleo facilitates placing 
Anvthing which enables the operator to dispense 
by his bs are fingers, unprotected by a 


| “| low hit Lae Ss 


5 
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it in proper positi in. 
holding the filmm in position \ 
¥-TUV proof rloves, Or 1 ‘hich Wl 
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tanec entirels away 


the patient. is extremely desirable. 
hod which has not been practised very much. 
excellent one for the upper jaw, is to take a wax impression of tl 
jaw just as for makine a plate, Put the him ‘i very thin wrappings 
so as to be quit e flexible in the proper position upon this wax impre 
it in the mouth. This is perfectly retained if 
rently. 
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involuntary movements, 
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patient should tace inh such 2 direction that Ma 2-0 will si ie: et 


the tecth which are of principal interest, so that their shadows shall 
overlap; and the hea | should be tipped slightly away [ro 
tube. Except at the siies of the face the derree of curva 
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Prevents & eincle picture from showing more than three or tour teeth well. 
ol efucly are 


i an Se Fs ee ey Toe, rank | 
inferpreftaiion of Dental Radtographs.— Two PS LCP 


available: first. examination of the film by transmitted hght; and second, 


examination of the print made from the film. 


The Film.—This presents a picture nw hich the densest parts, such 


as metallic fillings and crown and bridge work, are very light. An 


object almost totally oqaque to the r-ray produces an almost completely 
transparent image on the film. The part of the film which has been dl- 
rectly exposed to the z-ray is black and almost opaque. The part which 
represents the lip Is slichtly less OD We, and can almost always be scen 
in the film. The image of the teeth is much more transparent, and ap- 


Fig. 2SL—Apical foramina flaring in o Fle. 55].—Apteal foramen 4 
child's tooth, unerupted tooth, 


pears nearly white by transmitted light. 
chamber appear somewhat darker than the body of the tooth. 
The apical foramen may not be noticeable inn normal adult tooth. 
Tt becomes clearly visible if a root-filling or any instrument passes 
cathe it (Pig. oni). It shows as a great, wile, flaring opening m a 
oS], and especially Fig. G14). 
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E OF 
The 
1A1TS in, 
the mesh 
and should wiew by beht transmitted throuch brs: jaw ide Bas th Iwine 
between his eve and the z-ray tube. The latter simile annlies ta the 
racdogr aphs made upon films held inside the mucwth. A film or nlate 
held outside the face should be exposed with its film surfac Conn 
the x-ray tube during the exposure, and should be ¢ xamine “cl with It: : Gil im 
surface toward the source of light and away from the ol bserver in 0 sex 
to see objects in their true relation. This is as if the 1 patient’s hea 
were transparent and were placed between the obs eIVeT { and a licht 

The last case corresponds also to the image seen in the on i 
box fuoroscope or in the author's magnifving fluorose ope. 

T he Print.—The Sensitized surtace of the film or plate is placed next 
to that of the paper, as 1s always done in making a photographic print, 
unless there is some special contra-indication. This makes the print 
correspond exactly to the film when the latter is viewed in the proper 
way, 1. €., with the sensitized surface away from the observer. 

A paper should be selected which will give good contrast, and so 
make pictures which will re produ ce fairly well im a photo-engraving 
if the picture is to be used in illustrating an artic cle At the same time, 
the surface should be a smooth one, so that the finer details will not be 
obscured by the srain of the paper. 

“Glossy velox,” a paper made by the Eastman Kodak Company, 
has the proper surface, and has tones varying from white through 
various shades of fray to black. It gives sufficient detail, and is easy 
to use because it rod lires onl ¥ a few seconds’ EXPOSUTe TO an ordinary 
electric or gaslight. It may ben developed by the metolhy drochinen 
solution that is used for the films. 

Prints made upon solio paper require many minutes’ exposure to 
sunlight, as these films are much denser than those produced by ordinary 
portrait or landscape photography. These prints, however, give some- 
what greater detail than the velox paper. They have a brownish-red 
color and reproduce very well in a photo-engravi ing. ‘They are less apt 
to be permanent than the velox prints unless the toning and BEDE are 
very thoroughly done. Ordmary portrait photographs, which gradually 
fade out, are examples of the lack of permanence found in papers of this 
cl: i 

The print presents an exact reversal of the lights and shadow? 
of the film. The backeround should be a pure white, and met allie 
hllings and crown and bridge work jet black. The teeth are next im 
darkneas, and structure of the bone is gray. The normal antrum ap- 
pears almost white. and so do large cysts which have been emptied of 
liquid contents. Pus in the antrum gives a dark appearance at the 
most dependent portion. An alveolar abscess is seen as a light area 
around the apex of the root. 

The print is the exact duplicate of the fluoroscopic image. The 
alveolar process and the jaw show less transparency in the film than the 

teeth, and the details of St aban are well shown ina gow film. Darker 
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A eval or abscess cavity in the bone shows as a dark aren of film, 
a licht area in the print, with a clearly defined outline (Fig. 587 
Veerneis shows as a somewhat darker area than the portion of { 


Ff . : 
or lighter area than the portion of the print, representing n 


Fig. 5ah.—Necroais about inferior central F ig. et et rosie ou cee 
; Vee eee. lower central incizor, Crow 
work also shown. 


The necrotic areca 1s more transparent to the z-ray, which, therefore, 


me all 
a | 


_ ™ = = L, « cam hh 
darkens the flm more than elsewhere. Of course, It Is lighter in ATMS 


; 
print. This difference 1s only shicht. however, and the pict Ure Tequires 


interpretation by one familiar with this department of radiography. 
7 = a i : _ - 7 a ] 5 1 a ar “4 x | ~_ s 
The structure of dead bone does not appear markedly different trom that 
of normal bone In the radiograph, and there is often no sha rply defined 


outline to the area (Figs. 588 to 593). 


Fig. S.—Neerosis abut Upper Fie 591.—Necrosis of jaw with fetula 
lateral LEM, This tooth had been ex. he low chine ormm for six VeCLES, fete hower 
tracted, the pl srescolnas euretted, sl the central incisor extracted. Sinus curetted. 
towt hs Pern planted with a porcelain enown, Cure in fourteen dava. {Aly own peatiece 


poe oats acted as un irritant foreign at St. Rartholomew 4 clinic.) 


5 as film of the upper jaw, made upon a horizontal plane (Fig. 5%), 
shows markings which correspond to the n 
“ne of the author's rad 


acl fi Jo tgs anc the AMEE. 

a & : liographs (Fig. 595) is of a case of mecrosis 
and fistula, in which a gold probe enters a cavity in an upper central 
ELERAOK, through the root-canal and the bone, to emerge from the nostril. 
ha ae feature of this case is the fact that the fistulous tract 
set Se ‘ahead ‘ ores after the x-ray exposures were mule. The 
applications both hefate . ee eee Usual antiseptic and stimulant 

6, both before and after the r-ray examination, The latter 
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soft matenals used for root-fillings show as dense bodies in a radio- 
Frapn. 


Fracture of the inferior marvla shows woon a film held inside the 
mouth (1 i, es) but the Picture is often ditiicult to make owme to 
pain. 4 racdiocraph mace upon a nlate held at the side of the face shows 


the fracture, but usually not very clearly. 


Fic. SUH —Markings Fiz. 505.—Probke enters Fis oth, — F me bure of 
due to the nostrils, not cavity in central incisor, lower pow, between the two 
Co Cane rons. noses through entire bength bicuspid moka. 

o root, snd emerges in 
rene trtL. 


foot-jillings are often the subject of investigation by the z-ray-. 
They show perfectly well even if of soft material. . They should form a 
continucus opaque mass, occupying the pulp-cavity and the root-canal 
to the apical foramen. Imperfection may be shown by the opacity not 
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extending to the apical foramen, or by breaks occurring ; alon r 
of the filling, or by thi ee extending hevonwl the « 
throuch the ters 1 Weil or the ront 


4 root-filling or dressing of cotton woul: 1 


Fie, 2a. — Broken drill in roct-caml. Fig. oa, . Heokes instrnimes 
Lhe root isterally, 


| F 1. ° Po ’ i: E = = a 
A- broken drill or broach in the root-canal shows periccth, 


& & 


praph (Fig. 597 
Metal points may be int reduced into the root -¢ anal as far as it can 


be traced. They will show in the radio; graph and one can see whether 
they are in the root-canal and how much further the dnll must be pressed 
to reach the apical foramen (Fig. Ho). 

The <-TaV has often proved of service in the author's hands in the 
location of the lesion causing a chronic Fstula when two or three regions 


iL I 


Fig. 500,.—Metal points used to trace the Fig. ©©00.—Alveolar sbeorption due to 


root-cannis pe ore es. 
were under suspicion. The cause of trouble has frequently proved to be 
at a considerable distance from the orifice of the fistula. 

Cases of pyorrhea alveolarts, or Riguys ' disease | Pigs. GU) to G2) pre- 
sent lesions which show in the radioer aph. There may be deep pockets 
along the root of the tooth from absorption of the alveolar process, Am 

In some cases the process between the 1 roots of two tecth is scen to be 
almost gone. <A pyorrheal pocket shows in the radiograph as a space 
alongside the tooth, opening at the free border of the gum, and with 
apparently: bare bone and tooth down to the bottom. The norma CON 
dition is for the root of the tooth to be seen closely embrace “il by a dlis- 
tinct layer of LISSLLe, called the per ridental membrane, which line = the 
alveolus or tooth-socket. The alveolar process norm nally projects 
between the teeth to about the commencement of the crown: the pOrtnon 
surrounding the root externally and inte mally does not aha in nh ralio- 
graph, bee Lage obscured by the much dense ir substi ince of the tonal. 
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re oe here were the pain and swelling and tooth reaei Lv 
indicated the presence of pus at the apex of one of the roots net, 
molar tooth, but nothing to show which root. The drill did n ph 
follow ill d z 


i 
be positive that the canals extended in a perfectly norn 


“ther root-canal, and the dentist, Dr Gillett. of « ut 


Fig. 601.—Pyor- Fig. 602._Pyorrheal Fig. 60¢-—Radiograph which 
Thrwl pocket tt pocket timalewr bridge. Servet ast 4 priunielis tid t hae cite. 
Wetely surrounding tion of the root-cunsl in a case 


the roots of a lower of alveolar abscess, 
molar tooth. 


It is extremely undesirable to perforate the root laterally. He placed 
4 little metal point in the root-canal as far as it had been traced. The 
radiograph showed the abscess at the apex of the anterior root, and also 


Yi 
raam 


showed that the metal point was lyimg in exactly the right direction. 
The patient returned to the dentist with the picture in less than an hour. 
Guided by the picture, the drill was simply pressed straight ahead until 
something was felt to give way as it entered the abscess cavity. <A 
couple of drops of pus welled up through the cavity in the tooth and the 
Pall Was at once relieved. 

The radiograph is valuable as a guide to the complete removal of 
the pulp from each root to its Very ext remity. , 

A fracture of the root of a tooth shows as a transverse line, but in the 
radiographs of the upper central incisors there is normally a transverse 
marking, which must be taken into account in making the diagnosis. 

Curvature of the root is well shown, and one should guard against the 
production of a false appearance of flexion or curvature, due to bending 
the film while the radiograph is being made. | 

The buceal roots of the upper molar teeth are difficult to show clearl) 
unless they have root-fillings. The best way to accomplish the desired 
result seems to be to hold the film up as far as possible on the inside of 
the mouth, so that the tube will not have to be placed much above the 

horizontal level of the mouth. A somewhat greater distance, and 
longer and stronger exposure than usual is required. To make still 
more certain two radiographs should be made with the tube at decidedly 
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different Interal angles, but still not so far to either side az to ennse the 


i 
. . | 
4 ; & hh ' 1 5 | L a 1 i | L i © iy: : 
maces oO] he hacen teeth to overlap iti i One Under oxaminn 


i 


et Te se at lant lorry tubs: | 
tion, he wea of placing a small z-ray tube ins the mouth and +} 


| 
hflm on the outenle docs not scem very practical (see pn. 742) 


require 4 much stronger apparatus thar an 
way. 

A better plan than this is to place the tube at the Onnaresits 
the face, and at a somewhat lower level. so as to shine throuch the Open 
mouth and produce l picture CLPrh ot film held arainst the outsicle of 7] 


gums. Such a picture may show also both antra separately. 


Piz. @&M.—First upper molar root Fir. 605.—Empvema of the an- 
Penetrating normal antrum. Pyvorrhesl trum. Dheupper tecth had been extracted 
pocket around lateral incisor. for supposed neuralgia. 


The object nearest the film is always depicted most clearly, and it 
almost completely obscures the other if the two images overlap. This 
explains the purpose accomplished by taking the picture of a buccal 
root upon a film held outside the teeth. | | 
Z The tube ts enveloped in a localizing shield with a sole-leather disk 
The anticathode is 11 inches from the film, and the exposure is about 
thirty seconds, with a penetration of No. 5 Benoist. and an intensity of 
No. 13 Tousey, or seven and a half seconds with an intensity of No. 15 
Pousey. 

In making a radiograph of the upper molars we are often influenced 
by a desire to show the relation of their roots to the antrum, and also the 
condition of the antrum. especially as to the presence of pus. The tube 
being placed at a higher level than the teeth, the image Is apt to be 
somewhat distorted, and allowance must be made for this in estimating 
the length of the different roots. The buccal root is apt to seem much 
shorter than it really is in a rachiograph made with the film mside the 

mouth. = 
é The adiograph will show whether a root penetrates the antrium, 32 
im Fig. 604, but in a case in which the floor of the antrum dips down 
between the lingual and buceal roots the radiograph would seem to 
show both roots extending into the antrum. | 

Disease of the Antrum as Shown Upon a Small Film Held Inside the 





THE 2-RA' 


ie. i (it 
yc crit of ne a7 


, -le. 6i—Normal antrum. Small Fig. 607.—Normal ant 
| I 7 = =." . ae ea | q q =o I 5 
flm held vertically in mouth. Case of of Sag ey 


Sik : CHT ia hea ye Lee py Ceti 
= a “ib a a , i. wm ly my - 
nelreiegm With all Dpper teeth extracted. 


5 5 0 oe 
1 
Sasi bs Cran. Horizontal Fuller i 

Of rer lca, 


him 


seem very transparent as compared with the dense teeth and even the 
less dense jaw st PUCTUrEe, A marked derree of opacity i the rea 
elect! = pis or polypoid Or franulation tissue. It Was lise =ta STE 
Fig. 605, which is of the patient whose large radiograph of all th 

rp Sister 5 NUSes 1S riven at p. oe, AT] his upper teeth had bean 
removed for pain, which was thought to be of neuralcie origin, 


| Poop BF | 


J 
I 


fl 


A large plate, showing the entire face, either 
laterally or anteroposteriorly, is a necessary 
part of the examination in most cases. It 
shows the extent to which the disease has in- 
volved the other pneumatic SITU SoH. 

) Tinnitus AUTIUM Was the symptom which 
led to an z-ray examination in one of Scham- 
bere’s cases. The radiograph showed! pvorrheal | 
pockets about the roots of some of the teeth zi RSpes 
communicating with the antrum by a small sie ces Hons Staerey =e 
: es 2 A ents trum with ofd sabeecess area 
opening. Extraction of the affected teeth and about second bicuspid and 
SyTinging the antrum cured the ear svViInptoms.* irat molar. 
_ The roots of the teeth do not usually extend beyond the level of the 
hard palate. The portion of the upper jaw below that level is the al- 
veolar process and 1s absorbed after the teeth are lost. | 

A tooth which has been injured in any way, or which has been ex- 
fracted or knocked out and reimplanted, may present symptoms point- 
ing to absorption of its root. Several such cases have been examined 
by the author, and in each case the radiograph has shown whether there 
has been any absorption, and, if so, to what extent (Fig. 60). é 

The radiograph will show the condition of the roots of teeth which 
form the anchorage for or are held in place by crown and bridge work 
(Fig. 610). ’ 

The roots of a crowned tooth may be examined to determine the 
degree of absorption which has taken place. 

' Jour, Am, Aled, Assoc,, June 30, 105, p. 1fa, 
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r Pulp of a (ie 


the a” ‘Tat, but Li [= 


Fie, G@.—Superior central incisor Pug. 610) —Pulp-sta 
reimplanted nine }ears ago. Considerable could bee readily sawn in 
absorption of root by transmitted Lig 


of t ranslucency - around the PvE of the root 


indicating “Tl 
veal: 


nf 7: 
r abscess. 


Pulp-stones.—These coneretions show as very a Opa 
jects in the pulp AVILy ot the tooth. They STi hin res 


610, look lh a exostoses from the bony wall of the = chamber. 
Cysts at the Rools of Teeth Causative of Tuberculosis—Chronic ab- 


seesses at the roots of teeth have been observed by J. Zilz' as an active 
starting-point for tuberculosis. 


A- riadij Pond: nus in Cases af Unerupted Teeth. —The unerupted 
superior canine (Fie, 611) 1s usually found to be present, and generally 


. Fig. 611. —Man aged forty-six 
Eine just ery iptiing. Artificial tooth fn 
poste mm Previously LL EES Abs fot cited cvset 
Bue rot of lateral incisor. 


(a. Fic. 612,—Impacted lower wWrsetodah tisoEce 


hes in a dircetion more nearly parallel with the mé “dian line than rae 
mally, and us sually on the lingual zide of the other teeth. 


against the root of the lateral incisor a cyst cavity | 
be seen there. 


and frequently impacted (Fic. 612). 


If it presse 
F Wr. G11) is often co 
The une rupted lower third molar t& almost alwave fone 


The other molars and the hicuspids if much delayed in cruption are 


' Bevtrage zur klinik der Tuberkulose, Wurzburg, xxii, Nov. 2; Jour, Am. Med. 
Asse. May 4, hE ee PP. 1404, 
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Fic. 614.—Persiat 
melars With unerupted Kieu 
j li 


Sida 
feck technic. Shook extend lowe 


ture shows whether the germ of the permanent tooth is present (Fig. 


614) or absent (Fig. 615). 
Radiographic examinations s 


how that absorption of the ree of | 

temporary tooth is not entirely due to pressure of the oncoming per- 

manent tooth, but is a natura process which sometimes occurs when the 
permanent th is completely absent (Figs. 616 and 617). 

The most remarkable case in the author's experence is that 


he oe 


young man, a patient of Dr. Allan, who at the age of twenty years stull 


; :. Porcietent tempormry up. 
Fig. 615.—Persistent temporary lower Fig. G16 —Persistent tempore " 

molar, Absence of germ of permanent per loteral undergoing absorption, At 

Becored bicuspid | thouweh the permanent germ & atescril. 

I pW i oF ie " 


harl every oT of his first teeth, AX sures of radiographs, Including 
Fic. 618. revealed the presence of all the permanent teeth still unerupted. 
The smallness of the first set of tecth gave an infantile ¢xpression to the 
face, so for looks a complete set of false teeth, upper ancl poveia exe 
wom. The patient was thus going around with three complete sets 0 

teeth, 


The radiograph will locate an unerupted second molar and show 
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1 J = 
Mm OF is Pressing upom the fret molar. Set AN 


whet beer itt is aha ri 
examination would be desirable, 23 BUS est cl hy Hopkins," in the ease 
of a child of ten or twelve years suffering from fretfulness and lnee of 
appetite, witl ‘critated eyes and cars, anemia, and nervousness bot- 
dering Onl hysteria. 

Unerupted teoth are often seen to lie in a kind of capsule. and very 
valuable information as to their probable peril of eruption ee 
gained from the decree of development of the tooth. This tz perh 


more important than its proximity to the surtace. 


J 
a 


Fig. b17.—Per tent Lom prary Rape <r F i. Li 1s, ome Fr EOD fie Witwer 7 ty Th 14 
2 ir kL } b, =_— = 4 ar Fp A = - P 5 = © ry 
molar underroimg absorp re, SLICE Pe chen With all temporary teeth persistent 


rene Fern tt abeent. nt the ace Of TWenty veurs 


Prolonged i te nfion of Deciduous Tes fh oor Their Roots. —The 
roots of these tecth sometimes fall to be absorbed and deflect the 
oncoming permanent teeth. A radiograph will show whether the 
roots in question are underzoing absorption. OF not. | 

Flint? cites Many Ways in 
which the x-ray eives Valuable 
mformation in orthodontia. 

Rediograph i¢ i easuremeni of 
th C Perma Rene Te ein Be fore Eri p- 
tion er Provide jor Early Re cula- 
lion of the Dental irch uf ] hewr 
Rise Necessilales w.—This was 
the title of an article read by 
the author before the Nw. &£. In- 
titute of Stomatology, Novem- 

he bei cles which. the ray must a Ae Lo My. li Wiis suggested by 
upon: & horleontal ile shu be a Ee real an ley _ Investizat scene ae ail 
length. rar ta the relation between the 

| we and shape of the dental 
arch and the size of the different permanent teeth. Dr. Gillett 
called my attention to the advantage to be derived from an accurate 
Tes PCHLen et of the different permanent tecth a vear or two before 
their eruption. Acting upon this idea, the author has made radio- 
graphs of the temporary and unerupted permanent teeth in about 
100 children. While there was every reason to believe that such pic- 
tures would pive an idea of the relative size before eruption, tt eooment! 
VERY. desirable, indeed, rt make re series of measurements ci fincl out alao 
how much magnified or reduced the z-ray image of the crupted teeth was 


tJour. Am. Med. Assoc., June 30. 1906, p. 1852. 
2Dr. D. W. Flint, Dental Cosmos, Nov., IM. 
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Fir. 6) 


Fis. 624. Fic, 625. 


Figs, 620-625.—Radiongraphs used in measuring the whith of the upper or lower 
central incisors before eruption to provide for early regulation in case these teeth are too 
Draad for the arch in Fig. 623. where one central bad erupted and the other hal mot, 
thie racliogra pil DEAS Wen cap idul., In such pictiines is i it Es eney fos Sa 
that only the width of the central incor or tooth to our rivht iscormetly shown. [he one 


to our left is viewed from the side, 


raciographs. The lateral measurements corresponded to within TAs 
inch, For Our PuUurpHose, it 13 fortunately not necessary tO have an 
exact means of measuring the actual vertical length of the teeth, 
A reasonable derren of accuracy, however, can be obtained by holding 
the film and the tube at the proper angle (Fig. 619). It is Yory note 
worthy that the radiographs shaw that the hee of the Comporary teeth 
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sis 


be net furnish ATLY ~erwTrAaLe rricdiaeat OTL ot the Size of the permanent 
eS ee ge et ae ' 
: “one of the largest unerupted Perret Upper 


unerupterd tecth. . : . 5 ; 
in cases in which the corresponding tem- 


peal anoenrs are found 
central Lis rs io _— ih = = . a 
porary tenth are medium or small. (Pigs. 20 to 625 are examples ol 
his work.) The , ast . | 
eee or | ehildren of from Tour ANG & OAL T SVE Vers Of age, ant 
eapecially in child t ur and « half to seven yeu 


attention has been-directed cmelly to measurements of 


racliocraphs antl mensurements have been made 


in. these cases F aes - ; - 
the upper and lower incisors. The author has also taken an impression 
of both upper and lower dental arches by having the child bite upon a 
sheet of wax placed horizontally in the mouth. Another class of cases 
in which radiographic Measurements are valuable are the put ! 
young or middle age who have persistent temporary tecth, and 1 


eveals the absence of the PCTMAaAnent TOOL OT, 1 1 


the z-ray 1 os my L-: : 
ffs size and direction. Closely akin to these are 


+he natural loss of the temporary tooth has not been 


i 
- 
, @ 


anos 
which 


: ce. cel 7 ~ fr a al Loo BES ed hy i a Lid op oe fot i 2 1 - rt I t LL I I mt & L i ° : ‘Tit — 
Fi b25.—Ls LLACE Measuring the Fracioe4nri hic mace Of LOC WOU Pe a ia F 
It iso rs. 


the permanent tooth. In both of these classes of 
C= the relative S12 Of the unerupted tooth. 44 compared with the 


adjacent PoC POA Lennt teeth shorn a the picture, r1yes at 4 lance the 


by the eruption of 


NGIcAtloOn for proper spacing In order to allow of its eruption, anil 
THCaSUrements In hundredths of an inch or fractions of a millimeter are 
not usually required, 

af al ‘ bi = f = | ; 5 | 1 5 1 r 7 = 

Lhe author ts indebted to Dr. J. Lowe Y oun. lor make measur 


anal mo 
Mtns of | 


wile actual teeth inh ay ee rsy | nt 


i 4 a 
A 


45 to the Tea - LCS! Cases, ariel for Serres 
ae Kea “linic pines: ue Tet RANTLE used for such measurements. 
1912. the author ronececd Boe a uonal Dental Society, Washington, 
oss x reported iurther upon this method: 
ote cae Soe ae. peak if the teeth is not only a disfigurement, but 
saliva unlikely, The imm ee anid the proper action ol the 
irritation from unmasticated eas effects = starchy Lnchiges tion an 
In the young child “the aaah ce with auto-intoxication irom both. 
on both sides by the germs SALE Gee lined below. im fromt, 21 | 
5 SCs he teeth’’ (Dr. Strang), and imperfect 








rE ; . 
Cevelonmernt ci the tic 


Ofrasions malidevciopmen 
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Deviations of the septum and mouth-breathing, unreheved by the 
removal of adenoids and tonsils, are among the results of maldevelop- 
ment of the teeth with a too narrow and too highly arched hard palate. 

The object of my most recent work has been to determine befi irehani 
the presence and position, and especially thie size of the permanent tect h, 
hefore the loss of the temporary teeth. I he lat ter may ber quickly and 
eqsily trained to a curve of the proper radius and will then guide the per- 
manent teeth into proper position. 


ACTUAL WIDTH OF TEMPORARY AND PERMANENT CENT 
- soRS (THE LATTER MEASURED SOME 1rEAKRS LATER 
DREDTHS OF AN INCH. 


Right. upper 
central. 


(venral, 


{ PL Tle 


wt (kt {iret ee 

TAAL Teens 
yearn 

Teel renenne 


Welght at second 


Age 


———_ a 


Alatthew &.. 
Clara T. . 
Cecelia L. 
Gretchen VW. 
Margaret F.. 
Florence F 
Sime RK. - 
Jeanetiec Ss. 


Mora F. . 


a8 
mt] 
Choe 
ob 
pa! | 
7" 
th 

a4 
or 
aa) 

al 


cba 


ul i z & 
en en or em =) oa 


aE oF 
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Actual measurements of the temporary teeth bear no fixed ratio to 
actual measurements of the permanent teeth. In a series of 7 cases, 
shown in table above, the ratio varied 30 per cent; in the same cases 
untreated, the curve of the temporary arch, whet her suitable tor the 
permanent teeth or not, was reproduced in the permanent arch. -A-ray 
measurements of the width of the unerupted permanent upper and 
lower central incisors at the age of five or six years correspond within 
ye; inch with the actual measurements of the same teeth five year: 
later, after eruption, as shown in the following table. 

PERMANENT CENTRAL IXCISORS MEASURED RADIOGE ,PHICALLY 


BEFORE ERUPTION AND ACTUALLY SOME YEARS LATER AFTER 
ERUPTION. (Numbers are in Hundredths of an Inch.) 


Radiograph 
Teoth. 


nr Fil [ in be | 


Matthew 5 
(lary 'T. 


Leit Upper Central ou oe 
- i Right Upper Central obi nD 
(lars. T 


ie oo 


Right Lower Central as fa 
Right Upper Central J4 oblique = 
Right Upper Central 29 = 
Right Upper Central Sad al 
Leit Upper Central eh ie 
Left uppe (netral. se a 
Right Lower Central 214 = 


Cetelia L 
Gretchen W 
Florenc: EH... 
Shae EL 
Jeanetice S. _. 
Jeanette S 
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The author's techme ts as follows: The temporary centrals are meas- 
ured with a sharp pointed caliper square with a screw adjustment. and 
graduated in hundredths of an inch. A wax impression of the curve of 
the TAM DOMLryY Upper and lower arches made, Radiographs, OF r-ray 


pictures (Figs. 627 and 628), are made of the unerupted upper anc 
lower central incisors and the width of the images of these teeth is meas- 
ured (Fig. 620). A curve suitable for permanent teeth of this size is 
calculated by a modification of Hawley’s and Bonwill’s tables. My work 
shows the size that the permanent tecth will have and the radius of the 
curve required to accomodate them. The temporary bite is phot ographed 


“Tia, 


te 


. — : — aeermerjt of the wpe 
Fic. 629.—Caleulation of permanent dental = from, x-ray micagurement of the upf 
ci ld ee os 4 


with the actual curve formed by the cutting edges of the incisors, the 
cusps of the canines, and the buccal cusps of the bicuspids and areas 
and upon the same photograph is drawn the correct curve (Bis. OS ) to 
accommodate permanent tecth of the size determined by the =z ein 
The orthodontist may rerulate the temporary teeth to this curve, so 

eo guide the permanent teeth into proper position as they ical ss ene 
628 shows the Same case 48 Fig. 627, in which the temporary wei bee 
too small for permanent teeth of the size shown by the z-ray- he et 
was untreated, and five years later the curve formed by the eruptes 

permanent teeth was a contracted one of the same radius as that origin 

ally formed by the temporary teeth. 

ov 
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Take the width of one permanent upper central incisor, double it 
and add 0.24 inch to get the radius of the circle formed by the six upper 
front teeth (cutting edge of incor and cusps of eanine). Add 50 per 
rent. to that, “rel vou have the distance in a straight line fra im. the mice 
of the anterior surface of the first permanent upper molar to the apace 
hetween the two centrals. 

After drawing the circle use the rachus from A to ret the distal points 
of the canines J and H. From (, draw lines through J and H to the 
ranwent and so get Eand D. Use FE D as radius of a circle whose center 
‘at I. Starting from A in both directions measure off the length of 


Pd 


\e 


a . i oi 


Fig. 690.—Curve of the permanent dental arch calculated by Tousey 4 meee er 
T-Fay Measurement of the permanent upper centrale. EF, Dis inken af he radius - . al 
: as far back asf mural fr. 


tive large cirele. Of course, the tecth do not extend anywhere near 
the radius six times and so get the inscribed isosceles triangle, A, F, ©. 
Draw lines Ht. i" aml at ie fr. ‘The outer cusps ot the bicuspids ancl molars 
he along these two straight lines. eaeats 
Stereoscopic Radiographs in Dental Work.—Two types 01 radhographs 
are available: one upon two successive films held inside the mouth, anc 
the other upon two successive films, or plates, held against the outside 
of the face. The latter pictures, like Fic. 631, A and B, take in a wide 
area and show the topography of the teeth, upper and lower Jaws, 
and tongue in their natural perspective. The pictures may be made 
upon small films held inside the mouth when the perspective of the 
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eoots of an individual tooth, or that of the roots of adjacent teeth, or of 
wn unerupted tooth and the roots of the neighboring teeth, is desired 
The object in the lIntter case is to finel out whether the unerupted tooth 
-c on the buceal or the labial aspect. lt is easy to misinterpret a pair 
of these littl stereoscopic pictures if they are pasted in the wrong 
mS upon the card, so that the left Cyc looks through the stereo- 
ab a at the picture which should be placed belore the nght eve. 

The small stereoscopic pictures are made in the same way as dental 
radiographs, except that two separate exposures are made upon suc- 
vessive films held in exactly the same position inside the mouth, while 
the tube is moved 24 inches laterally before taking the second picture. 

This is the proper displacement for raciographs mache: upon a hor 
zontal film, with the anticathode about 146 mehes distant from the film. 
4 displacement of 3 inches is better where an external plate is used and 
the distance is about 16 inches. Both of these yielk iM Ml results, be- 


Fig. 631, A, B.— Stereoscopic rudiograph of the upper and lower jaws 

cause the relative position of the patient and the film or plate and the 
r-ray tube may be exactly duplicated. They both show the perspective 
of a large part of the jaw, and the position of the unerupted as well as 
ihe erupted teeth. 

The smaller films, held parallel with the axie of the tecth, present 
greater difficulties in securing the same relative position of patient snc 
film and z-ray tube, and are, therefore, less apt to yield satisfactory re- 
sults. The anticathode should be 13 inches from the film, and should 
be displaced 4 inches before the second picture is made. These pictures, 
if successful, show the perspective of parts of an individual tooth, and, 
for example, would reveal the fact that a root-filling perforated the root 
either buecally or lingually. 

Fig. 642 shows the principle upon which this is based. The position 
of the tube in the first picture 1 marked ‘T' ane in the second picture 
T*. Two bodies at different distances from the film are marked! by a 
square (CO) and a triangle (4) cast, the images marked (O*) and (A") m 


— 
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FP) amd (447) im the second picture. Thea four 
lupon the same film; (Cl") and (A") are upon one film 
'T LWoOo LEP che ei flr. . 
ments stud Ta ira tha motion cf the Puy tae al Oya direetion 
es the images of all bodics m the opposite direction, Objects at a 
ce Irom the fiir undergo greater displacement than those near rt 
te Bb the two DICtUres, We should fined that the Image of the obiect 

Tr ae thie him is displaced in the opposite direction (with refer: 
i object nearest the firm) from that in which the tube is 
The author likes this method of studying the two amnsl| pic- 

tures better than by combmed vision with the stereoscope. 
_ If the stereoscope is to be used care must be taken to hold the film 
with ite sensitized surface toward the rray tube, The print made from 


the film exposed with the z-ray tube farthest to the patient's left should 
be pasted upon the card so as to be looked at with the observer's right 
eye, and the print from the other film is looked at with the lefj eve 





Fig. 632.—Prnineiple of stereoscopic radiography. 


‘I he perspective is then as if the observer's eves, placed in the two 
positions of the z-ray tube, looked at a transparent jaw. Objects 
which look farthest away are on the lingual aspect; those that look 
nearer are on the buccal aspect. | 

Delermination of Perspective im a Single Radiograph of the Secth.— 
The determination of the relative position of two tecth whose Images 
overlap Coch other ean usually te made by a careful study of 2 single 
radiograph. The image of the tooth nearer tne plate [x markedly more 
distinct and clearly defined. Fir. 6233 shows this fact. The image of 
he unerupted canine is only rendered denser by the presence of other 
aes oe the images of the latter are obscured and renilered less easy 
O Ware where the avarl: "ih TL 2 

Where the shades Of lus caterea ders tuo teeth overlap in 

: ages of the adjacent borders of two teeth ae 

an I-Tay picture the La ere is more than twice as dense as that of either 
of the : 
sorb more and more of the ravs which have an cffect upon a sensitized 
film. After traversing a certain thickness of dense tissue the radiation 


produces no visible effect upon the film, 


thin borders nlome, SICCeSssI Ve ‘as ons of dense substances ab- 
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f cmyriny uy of fhe Inf rir Pe nga Ve rity. 


Hacloor 7 
A.piartes Aclhogranh= o , 
canal which t phs of the bony 


aves mis nerve traverses in the lower jaw may be made in ten 
soci 12%? inches long may be held inside the mouth and pressed 
closely against the inner surface of the jaw from the region of the 
tooth backward. ‘The upper margin of the film should noi ‘ 4 
crowns of the teeth, while the lower margin ve 
should extend well below the roots. The 
g-ray tube should be at the same side of the 
face and opposite the second molar tooth at 
a distance of 14 inches from the anticathode to 
the film. The x-ray should be of a high de- 
oree of penetration, No. & Benoist. and the 
exposure will be twelve seconds with a 12-inch 
eal or about one-fourth second with an un- 
fluctuating converter ora transformer. The 
object 1s to obtain a picture showing a© great 
detail as possible in the bony structure of the 
jaw, even at the expense of a certain degree of 
contrast in the radiograph. Fig O85 Lady thie tee 
Fig. 635 shows a gold plug in the inferior *°= 0% Unerupted canine. 
dental canal. It was placed there SIX Venus Teadhoe rank taken "ey dada 
previously, to prevent regeneration of the Postion and direetion of un- 
nerve after resection. It could be seen very Se ars 
well with an ordinary fluoroscope and the z-ray tube held at the oppo- 
site side of the face. It seemed to be acting as an irritant foreign 
bod. 
The other method is to make a radiograph on a plate held at the 
outside of the jaw with the z-ray tube at the opposite side of the face. 


Canine 
Mi" above the 


EON | 


Fie. 624. —Inferior dental cans] in Fle. 635.—Arrow paints to cold plug 
ener ol neuralgia. The teeth had been ex- placed in wmterior dental canal alter resec 
bracted lone before. tian « the merve- 


The tube may be at such « level as to shine from under the opposite side 


of the jaw (Fig. 636), or it may be directly opposite and shine right 
through both sides, but so near that while the image of the affected 
side 1s clearly defined that of the opposite side is enlarged and vague. 
In either position the exposure should be rather long and strong, and the 
degree of penetration rather high—penetration, No. & Benoist: exposure 
forty seconds with a 12-inch coil, or about one second with a transformer 
or an unfluctuating converter. 

No abnormality of the bony canal is ordinarily found, but the radio- 
graph often reveals an unsuspected source of trouble in the teeth or jaw. 
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Radiography of the Inferior Maxilla.—Under this heading may he 
niwai the making of a pete ture upon a plate held ag: 


Against the outende 

be OD DOS Le slide of the patient 
ture does not give as good an image of any of the teeth as the other 
nethod, but it does enable us to radiograph the articulation of the aw 

and to examine the condyle and ramus of the jaw fora fracture 
Three methods are excellent: First, a pair of Stereoscopic Taclio- 
graphs, anticathode 20 inches from the plate, and vertically over the 
external auditory meatus in one picture, and over the front of the 
mouth im the companion picture. 


each picture four minutes with 5 


can, ff - |} 


ce, the tube beme at t Such « 


Le 


t 


Lhistance 2) Inches. CA POSure 


5, for 
amperes, or two minutes with 


lt) 


f Nt 


ie | 


| 
| 


c Fig. b-tf.— Radiography ol the inferpor dental nerve LipMri a plate outspde of Che (ace. 
Phe stereoscopic plate-holder is shown. The plate in its opaque envelopes can be ex- 
changed for another without any moverment on the part of the patient 


Anpercs, or one minute with 15 amperes and medium vacuum, or one 


or two seconds with a transformer or an unfluctuating converter. 


Further details of this method are given under the head of stereoscopic 
radiography. As applied to the face it vives good anatomic detail, for 
Instance, of the various pneumatic sinuses. 

second, the tube and the head mav he so placed that the z-ray will 
shine under the opposite side of the jaw and through the floor of the 
mouth and the affected side of the jaw, the plate being at that side of 
the face, With a little care a picture may be obtained in which the 
details of almost the entire ramus and half of the body of the lower 
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WT, i DIT Eagre OF The Opposite side of the jay falling | 
lewel on. th plate. The eXpostire is the same ae for the p a 
raph. . ra sine 

; + | hye t A ’ " 
iy SRE COG Ss Screen for may De ser, Chaibling the 
thode to be brought within & or ID inches of the Dinte the or 
he sie next to the plate | vg sharp and clear and ver 
Lhe ni 


by larged and indistinct in age of the opy 
method of choice for f 


nage 
altector 
iT wD 
Is the 
ae et 
and may be used 


Hh oy z 7 rr . 
i . 

m mite a a Le | 1 

= 7 5 

hak 


raclures and for the articulation. 


aT 
ca 


r a taining a rachograph cf the teeth if for rkY OF 


. 5 

1a rh it r 

Ca FE | |= mn possible 
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Fig. 637.—Normal articulation of the inferior maxilla with the mouth partly o; 


YT. 
to use the better method of placmg a film inside the mouth. The 
plate LS st the side of the patient's face and the tube directly opposite, 
enveloped in a localizing shield with the author's screen for soft 
brought almost in contact with the face. 
previous radiograph. 

Radiographs of the normal articulation of the h Wer jaw (Pig. 697) 
taken with the mouth closed or only slightly opened show the con- 
dyloid Droctss within the flenoicl fossm. With wider opening the i 
dyloid Tas is SECT to leave the glenoid fossa and to ro downwaral and 


rays 
Kexposure the same as for the 
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forward upon the eminentia articularis. A dislocation is shown as an 
exaggeration of this normal displacement to a point beyond the emi- 
eer Lin articularis. 

The conditions revealed by the z-ray in a typic case of long-standing 
ankylosis of the Jaw are described by ¢ ver. The angle of the aha on 
mental process, is drawn back and the angle of the jaw downward, 
These are due to imperfect development under the abnormal conditions. 

The «x-Ray in the Differential Diagnosis of Facial Neuralgia — The 
g-ray has an undoubted action in relieving pain, as shown in cancer 
and rheumatism, and it is effective in many forms of neuraleis. There 


| all 


— 


A 


Pig. tts —Unerupted lower molar cane aeere facial newuralein. 


ore certain cases in which the nature or the position of the pathologic 
lesion renders a cure impossible except by surgical removal of the 


“alse of the trouble. 
diarnosis of neuralgia. 


A oe illust rating this is shown in Pig. 648. The patient, a lady 
about fifty vears of age, Was sent to me for Rénteen diagnosis by Dr. 
N. B. Potter of this ci Ys she hud suftered) for three years from yerv 
SCVEre Pan near the angle of the lower jaw, all the teeth except the last 
molar hud heen extracted from that part ol the jaw without relief. Medd- 
ies | treatment, phototherapy, and electrot herapy had been applied by 

' Dental Cosmos, Jan.., 1S, p. 15, 


The £-ray will often be of service in the differential 
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An operation was 
(OnSerinn Fanclion, or 
the hfth Cranial ner. 

affectod arele cf thie feitient 2 fice 
f-Tiay bul Cahove the CPE RDC RSE a 
chow 4 Lire Mmaolsur tooth imbedd ec in th 


ch fi} m 
TI es miuchiogrn phi 

Wry Liteon th pe 
p 7 slide cl the face. T 


| is 
bE’ JaWw-borne behing the Li} a ¥ 


ie = 
Fig i—c, Chronic empyema of the antrum: the clear Ppice to the right of 4 shows 
@t humo cella 2CFa pac out for Sup purntoon 


visible molar and growing against its root. 


moval of such a tooth was a serious one, and followed by suppuration 


The operation for the re- 


requiring external incisions. There has been 
since recovery from the effects of the operation. 
attention to the general health promise a cure. 
have had something to do with the neuralgia, 


Another illustrative case is the one shown in Pig. 639. The patient 


gradual improvement 
Change of climate and 
The menopause may 
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hvsician, and had suffered for some years from pain in the 
eV 4 |] the Lappe Teas ry ul bias 1 qs ea | ariel aT 


2. 
i + tf wis 


: 7 P 1 | tr LJ = ' | 7, es he 
aenculae of bone hacd been removed from the maxilla He ron- 


| 
enued to suffer from pain, and was unable to wear a set of false teeth 


for more than an hour at a time. The z-ray examination included 


a 
number of radiographs from different directions, Phe o1 


it 


Ta" ct produced 
revenis the nature of the case clearly. Lhis racliorraph WAS Marcle with 


‘he chiefly affected side of the face lving upon the plate and with the 
i 


tube over the opposite sule. It showed an area of opacity where the 
normal translucency of the antrum, or maxillary sinus, should have 
heen. This was due to chronic suppuration m the antrum. which 
was cured by an operation performed by Dr. Cryer. 


An 2r-ray examination in an obstinate case of neuralria about the 


face should exclude suppuration or polypoid growth in the 


evst. abscess. or tumor of the maxilla; retained broken roots of teeth 
unerupted teeth, especially third molar teeth; and the different lesions 


SOEriuTy 


which may affect the root or the root-canal of a tooth or its alveolus: 
and the presence of a foreign body, such as a broken drill or a part of a 
root-filling, piercing the root of a tooth and projecting into the alveolus. 


The inferior dental nerve 1s liable to compression or irritation during 


be Passa through its bony canal, and nf | cool radiograph of this Dart 
of the jaw is often of the rreatest value. 

Certain intracranial conditions would be scoucht when the clinical 
history sugrested such an examination. The x-ray reveals the presence 
of tumor, or abscess, or hematoma of the brain, osseous tumor, sinusitis 
and pachymeningitis. Benedikt has ecspecially studied the racio- 
craphic appearance of intracranial lesions. 

The a2-Ray in the Diagnosis of Disease of the Pneumatic Sinuses 
of the Face.—The fluoroscope shows the size and shape of the different 
sinuses, and also whether they form the normal air spaces or are made 
More opague, for instance, br pus. Such an examination, however, l= 
not depended upon for two reasons: the x-ray would have to be very 
pertectly apphed to produce a first-class fluoroscopic image and an ac- 
curate diagnosis of the frontal sinus, and would require so long a study 
as to be unsafe. Some operators, however, like Caldwell, make a 
very brief fluoroscopic examination to see whether everything is ad- 
justed for the best possible radiograph. This, however, 1s uncdesirabie 
unless absolutely hecessary. 

Radiography of the Frontal Sinus.—The radiograph may be 
made cither from a lateral or an anteroposterior clirection. 

Lateral.—The plate is to be at one side of the patient's head and the 


r-ray tube at the other, the normal line passing through the frontal 
SINUS. = 


= 


=A The posit om od the pat lent’ s hesacl is part ly matter ot convenience. 
Phe plate, tor instance, may be horizontal, and the patient lie with the 
side of his face resting upon it (Fig. 640). Or the author's lateral plate- 
holder may hold the stereoscopic plate-carrier in é vertical position, 
while the patient lies face upward with the side of his head close rst 
the plate-carrier, This apparatus makes it easy to make a preliminary 
fluoroscopic CiIMINAtION 10 exceptional cases, ‘and makes it ensier for 
the operator to protect himself from the x-ray than if the z-ray tube 
were below the head and the screen held over it. 


The anticathode of the tube should be at a distance of 12 or 14 





THE 2-RAY ao 
inches from the plate. The degree of penetration s] 
wo. S Benoist: the exposure from forty to sixty 
coil or from one-fourth to ohne second with ; 
ting converter, Much les Intensity 
picture, even with a greater Ic 


ould he Ne. 6 or 
seconds, with a 19-inch 
i transformer or an Uunthuctunm- 
Cannot be relies 
north of CX POSTE, 

lt is Very convenient to have the tube enve 
shield which limits the rays to the required di 
SLIT hor supplements by the he of 4 3 
rvs. 

The indications to be gathered Irom a latera radiograph of the 
frontal sinus relate chiefly to its condition near the median line where 
it is seen in profile. Its anteroposterior and its vertical Measurements 
are rendered visible, and the raciis wraph shows whethe 


T this part of the 
frontal sinus is occupied by air or by some opaque substance like pus. 


l upon for a good 


loped in a ik wa lizing 
rection, and which the 
le-leather disk to arrest the soft 


Fig. §$40.—Radiography of the frontal sinus, from the side. 


In one of the author's radiographs (Fig. 641) the | osterior wall of the 
frontal sinus shows irregular sharp bony points and the infundibulum 
shows very well, ae ; a kes err ek 
A lateral radiograph of the frontal sinus is usually so distinct as to 
show well both in the plate and in a print made from it- | 
Harland and Pancoast! have made suceessful latera | radiographs 
of the frontal and other pneumatic sinuses by using a high degree ol 
Vacuum. Distance, 18 inches; primary current for induction-coil, 13 to 
IS amperes: exposure, twenty-cight to thirty-three seconds, With aT. 
unfluctuating converter or a transformer the exposure is from one-hal 
to One second, ; : | 
Anteroposterior radiographs of the frontal and maxillary sinuses anc 


" Med. Soc. State of Pennsvlvanis, Sept., 1906; Jour. Am. Med. Assoc., Oct. 6, 
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the ethmoid cells were, I believe, first suecessfully made in Kilhian’s 
if = i | 4 25 I " 
Jinie at Freiburg. | , % 
i Tt is essential to use a small diaphragm or cylinder for this work. 

L fe fake reet ts +f a a, a _f P 

Coakley, of Kew York, his exhibited many plates of excellent antero- 
aceterior radiographs of the frontal sinus made, under his direction, | 
La os ’ 1 ae ah ; T reread rh ry s 
believe, by Caldwell and others.’ Loeb, of St. Lous, has also done 
similar work. 3 | 5 

The radiograph should show the orbits, the nasal bones, turbinated 

- teases of the sagittal suture mm the frontal bone, and coronoid 

hore= traces the Pate oe : 


™ 


E if. tei l.—Lateral rudiogranh of frontal =1NUs 5 Lown the jet umd taal. 


suture. The size and shape of the frontal sinus can be determined, also 
the position of the septum and of any accessory septa. 

Coakley’s? conclusions are: First. it is possible by means of a skia- 
rraph to determine the presence or absence of a frontal sinus which 
extends vertically above the glabella Second, a frontal sinus may be 
small, parallel with the upper, inner margin of the orbit and not detected 
Ve the sklagraph. Third, in all cases of unilateral disease of the frontal 
SINS verihed by operation aT cloudiness has heen observed in peurt or all 
i Sacre rp pamepbogical Amocintion, 1806- British Mecical Association, 190, 

* Transas un Larvne 


1905, p. 400 ‘ons American Laryngological, Rhinological, and Otological Society, 








THE 2-RAY gn 
af meh ne by ene and an indistinetness in the outline 
of the cavity a3 compared with the opposite or healthy side 

[his 15 a Very much more difficult rliograph to make and ever 
the Trearst cxpert radiologist may expect eCCrtain nunnber of pose 
failures before acquiring the correet technic. Lhe ciffieulty lies in the 
fact that the r-ray must penetrate the entire +k a Ses 


Ee - Stata thickness of the head from 
behind forward sufficiently to act upon a photographic plate and ataill 


be capable of sufficient selective absorption to show 
density nt: the recon of the frontal sinus. 

some plates will be found not to show sufficient effect from the 
x-ray, and this may be due either to the use of too hich a degree of 
vacuum (the rays passing nght through the plate without chemic effect). 
to too low a degree of Vacuum (the rays all bemg absorbed by the 7 or 8 
Inches of tissue). or by too weak an intensity or too short an exposure, 

Qn the other hand, the plate may show sufficient denzity. but in- 
sufficient detail everywhere. This condition may occur with « long or 
strong exposure to a ray which has too great penetration and to which 
the denser parts of the head are almost as transparent as those less 
dense. 

In this case more than m any other contrast is desirable rather than 
the greatest detail. 

There i a tradition current at the present writing (a. p. 1914) 
that the best quality of z-ray for frontal sinus work is produced by an 
open core transformer. This is a question of importance, which the 
author is unable to decide. It means a return to the induction-coil type, 
but with an alternating or a polyphase primary current instead of a 
direct interrupted one. 

Relative Positions of the Tube, Plate, and Patient's Head.—This 1s of 
the greatest importance. The tube must, of course, be m the median 
line at the back of the head and the plate in front. 

Many radiographs show a food picture of the antrum and ethmoid 
cells, but scarcely anything of the frontal sinus. This may be duc to the 
fact that the tube ts in such a position that the image of the thickened 
mass of bone at the oceipital protuberance ts thrown directly upon that 
of the frontal smus. Other radiographs of the accessory pneumatic 
sinuses of the face have the image of the ethmoid cells or antrum 
obscured by the shadow of the petrous portion of the temporal bone. 
The shadow of the horizontal plate of the frontal bone should not fall 
across the orbit, but just at its upper border. 

The shadow of the horizontal plate of the frontal bone should not 
fall upon that of the frontal sinus. The shadow of the petrous portion 
of the temporal bone should not fall on that of the antrum. nor that ot 
the basillar process of the occipital bone on the shadow ot the ethmoid 
cells. There is only one position which satisfactorily avoids all defects: 

The patient's forehead and nose should be pressed against the plate. 
The tube should be behind the head, in the median linc, and along a line 
passing from the glabella (junction of nose and forehead) backward 
through a point in the skull, which is usually to be felt as a slight de- 
pression 14 inches above the occipital protuberance. 

The proper direction has sila been described (Caldwell) as along a 
line 23 degrees above the line joining the glabelia and the external 
auiitory meatus. L 

The patient's forehead is pressed agaimst the plate because this 


the differences in 
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gives a clearer image of the frontal sinus than if the plate 
Fut ther ii Week} [POM 1 hie torehenl, js VY oulil he the Cee Ww ith the 
lel with the front.of the face and equidistant from the 
head. 


The z-ray 


were a little 
pin te [wirnl- 
mouth ancl fore. 


after traversing the entire thickness of the head consists 

= 2 = a ra Fl ne a op an at : . F =P dk : 
parry OF rays | ht lines from the antieathode of the 
y-ray tube, anc 


as 
avelling im strai 


r 


Fr i 
these, of course, would make a clear image if the plate 
were held at any reasonable distance, but there are also ceeon 


Ee =| F a . 
Cary Layva 


which radiate in every direction from the various points where thoy 


Fig. 042.—Radiography of the frontal sinus. The patient seated with the chin resting 


Upon the tabl:. 


be clear enough if the plate were directly in contact with the forchead, 
and very much blurred if the plate were at a distance. 

The Position of the Patienit.—This is largely a matter of convenience, 
and different positions will be found desirable under different circum- 
Slances: 

(1) The patient seated with the chin resting on the table, the plate 
leaning against the nose and forehead, and the tube behind (Fig. 642). 

\=) The patient lying face down upon the plate; the tube over the 
back of the head (Fig. 643). 

(3) The patient lying face up; the tube under the back ot the heact: 
the plate over the face. | 

(4) The patient lying on his side upon the author’s lateral plate- 
holder, which holds the plate in front of the patient's face; the tube 
behind the head. 

The secon position (Fig. 643) is a verv convenient one, 45 all it 
requires is that the patient shall climb upon the table and lie face 
down. lt does rapt permit of preliminary Huoroscopic examination rd 
do the others, but this is often unnecessary and undesirable. More 


arise. ‘The image of the frontal sinus cast by these secondary rays might 
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be piled upon it. There is also more danger of the patient's 


Poa 


Fig. (Hid.— Radiography of the frontal sinus with the patient lving face down 
hhiragm or cylinder should be used. 


s rr ely a Ls i a» mer ¢ 
moving. The last dificulty may be overcome by having a block at an 


adjustable height, which the patient holds tightly between his teeth 
| & 1 = . | ii , iL 
and which is clampHl fast to the table or to the plate-holder. I on 


position enables one to make a preliminary fluoroscopic examination 


if 
necessary. Lhe author sometimes uses it in the case ol intelligent 


Patients, 

The third position requires a special table or canvas stretcher, a0 
that the patient’s head may rest upon a portion transparent to tne 
x-ray. The x-ray tube is placed under this part of the table. Those 
who use this position include Caldwell. who makes such radiographs 
exceedingly well, This position is especially adapted to the preliminary 
use of the fluoroscape in yu lemg the radiographic quality ol the ray. 

The fuoroscopic ee Teh is laid over the patient's face andl the current 


turned on for an instant. li the Image mm aeen to he a good one the cur- 
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na : ee 
mended, is AG 1s Pequired is 
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ane® of PTent LTeNnsity ancl DEnetration, 


and the operator has to stand with his 


whole be ly very near the tube while he 
bends over the Huoroscope. 
The fourth position requires 

Fie. 4.-—Touser's lateral plate aynthors special apparatu 

| oie tas the simplest construction. 

The Author's Lateral Plate-holder (Fig. O44) —This cons: 

horizontal and a vertical board, hinged together m such & way tha 
may be folded up for packing away, but cannot open more tl | 
decrees. The patient lies with the side of his head resting upon the 
horizontal board and with his face close to the stereoscopic plate 


, J 1 = I = : a isa holer 
Fig. 645.—Radiography of the frontal sinus, employing the author's Interal plate-oe™ 


OF ordinary --Tay envelope, which is held in place hy the vertical harcl. 


The z-ray tube is behind the 


patient’s head (Fig. 645). If a preliminary 
furorose 


: ‘opie examination (Figs. 646 and 647) is necessary, the operator 
i as far away from the tube as he can ever get in fluoroscopic WOT® 
and there is abundant room for the eae Stsetue screens. = 
iia ee ee be placed On the further aie of the anno 
aT gine A wae ae ae ue operator, standing behind a protective stat ; 
he frisiarsien tech ass in a completely darkened rent and regan ao 
a reen 12 Titror 300s not to be un a line will the ree 





THE J-HAT 


ava. can observe the fluorescence produced in the screen bY Tiys Passing 


the nmitient ‘a head, The Mane Ti Fhe Ev isaers ok tha orhits Loromes 


Fie. 16.—Flucnmecopy of the frontal sinus preliminary to radiography with the 
authors [sats ral plate-holder. This persion & exce ecingly dangerous to the operator. 
(See text for precautions required.) 


vague the current shouid be turned off. It indicates that the vacuum has 


become too high or tom low, and every second of exposure under these cir- 


Fig. (47.—Dhiagrammatic representation of Auoreorpic meaunation of frootal 


mune. Thies postion is exeeedingly dangerous to the operator. (Seo text for procuulons 
recpuirecd,) 


cumstances is only blurring the Imre alrencky on the plate. lt may he 

that practically a sufficient exposure has already been given, and im 

that case the picture is regarded as finished. Additional exposure may 
aa 





SoS MEDICAL ELECTRICITY AND RONTGEN RATS 
he viven if required after the tube has been regulated or another has 
been substituted for it. The position of the anticathode should be 
oxaetiy the same, An additional reason for recognizing the fact that 
the radiance is no longer of a character to produce one of these difficult 
pictures lies in the fact that continued exposure is using up the com- 
naratively few seconds’ exposure that the sealp should be subjected to. 
Every second ought to add to the clearness and depth of the picture. 
Not a second of useless exposure should be o1ven. 

Care should be taken that the median plane of the patient's head is 


oH * 
1 a 
| i 


horizontal. A little pad may be placed under the side of the neck. 

As the antrum 1s also included in the picture, 1t 1s the author's custom 
to have the patient hold a cork between his teeth. The la rh 
of the upper jaw are clearer 1f the mouth ts open. | 

Allusion nas been made to the Srcreoscopic plate holder. 
seldom necessary to make a stereoscopic radiograph in frontal 
eases. but it is sometimes desirable to change the plate if we suspect 
that the patient has move l, or i the tube has undererone som 


change. or simply if one wishes to take two separate pictures in the 

that a slight difference im all the conditions will result m one ul 
being better than the other. The stere: scopic plate-holder enables one 
to remove the first plate and put another in exactly the same position 
without moving the patient or any part of the apparatus. , 

The author's Isteral plate-holder enables one to dispense with a 
stereoscopic plate-holder. In that case it is necessary to have card- 
board or paraffin paper over the regular x-ray envelopes to protect the 
plates from the moisture of the breath and perspiration. 

The Distance from the Tube to the Plate —The selection of the distance 
is influenced by two consideratons: first, that a short distance will give 
a better picture and in a shorter time than a long distance; and, second, 
that too close proximity to the back of the head with so long and strong 
anh exposure may produce alopecia or dermatitis—1$ to 1 inches will be 
found to be the best distance. 

Caldwell! uses a distance of 18 inches from anticathode to plate and 
an exposure of twenty seconds. His article does not state what mter- 
rupter he uses, but it is supposed to be a Caldwell. “With a cert 
interrupter and coil, with the rheostat resistance all out, a reading of 
10 milliamperes shows that the penetration of the tube 1s about high 
enough” (Caldwell). 

The Technte of the Exposure.—The author's rule is to use a quality 
and intensity of z-ray and a length of application which he finds gives 
the best result in making a renal ealeulus picture in a large patient. 
He Is Apt, thereiore, to use a current of 15 to 1S amperes with an induc- 
tion-con and electrolytic i I 
ule or thirty secomds, 
picture with an unfluc 
or less. 


nterrupter and to rive an exposure of one Mmin- 
It requires the best technic to make such 4 


tuating converter or a transformer in one second 


The EX POSuUre IS [OTe tines divided up with imter vals of col- 


degree fg t amma the best degree of vacuum. A change in the 
an increased. AH Teans & poorer picture in the same length of time or 
These eee ne of the patient for an equally good picture. 

here some 2 fie aveecl 3 Seen dificulty that the author will repeat 
: eet = L aa [ : al i i{ CCS Pe aH , ! 7 . , : - ea ta a he nn 
described elsewhere. $48 to technic which have already bee 


i ee 
Am. Quarterly of Réntgenology, Jan., 107, 
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12-inch induction-coill with a Caldwell or Wehnelt. | 
[j= 


- and a rheostat in which the resistance is afforded by different 

metal, the interrupter it regulated to give a Current of ; 
with the ( aldwell or 15 to 22 aTTpercs with the Wehnelt ep 

and some resistance is used while the YaCUUuMm of the r-Tay tul 

is regulated to the proper degree. This should be such 9 degree teat 
with all the rheostat resistance cut out the tube will hack up a parallel 
epark of 5 or 6 inches. The milliamperemeter should indicate the ae 
sage of 8 or 10 milliamperes of secondary current through the tah 
The penetration of the ray should be about § Benoist. | ay 

The Use | f an unhuctuating converter or ol “4 transformer Penmnits of 
a current ot about 90.000 volts and about 40 milliimpenes n= the best 
routine factors for this work. | 

The tube should have a penetration of No. 6 or & Benojst. 

The Diaphragm.—This 1s absolutely essential. A cylinder dia- 
phragm may be used or the author s contact diaphragm (p. 761). 

The plate should be as rapid as possible. Such a plate as the Lumiere 
Sigma plate is suitable. It 1s approximately four times as rapid as most. 
plates made in this country. ‘The Ilford is another fine imported plate. 
The paragon screen plate gives good results with an intensifying sereen 
if care is taken to avoid overexposure. 

The Time of Exposure This varies from a fraction of a second to 
fifteen or sixty seconds, according to the apparatus and the quantity of 
power emploved. A transtormer is considered good which will make a 
frontal sinus picture in a second without an intensifying screen. It 
would have to be about the same as to produce an abdominal or hip- 
joint radiograph. 

It would be a very serious mistake for an operator with a powerful 
apparatus to try to overcome errors in technic or relative position 
by giving long exposures. There would be danger of dermatitis or alo- 
Pecia. 

A metal tube passed up through the infundibulum has shown very 
well m a lateral radiograph by the author; not quite zo well in an antero- 
POSIEMOr one. . 

The plate shows very much better than the print in all radiographs of 
the accessory pneumatic sinuses taken in an anteroposterior direction. 
It is to be examined in a perfectly dark room by means of a negative 
examining box. The latter has a framework which receives the plate, 
behind which is a sheet of opal class lichted by a number of in candescent 
lamps. The degree of illumination is regulated by a rheostat. The 
most brilliant light does not always show the picture to the greatest 
advantage, 

In the absence of a negative examining box such a plate may be 
studied ina darkened room. The plate is held up between the observer 
and a sheet of white paper, upon which a fairly brilliant light is thrown. 
These plates are usually not strone enough to show well if held up m 
front of an ordinary electric light. | 

fhe plate may be treated, as suggested by Caldwell, to accentuate 
the important portion of the image. A aquare of sheet lead, together 
with lead numbers and lead letters spelling the words right anc lef, 
8 Placed over the central part of the plate after the exposure Is com- 
pee and the plate removed from the patient. A convenient plan is to 

ave all these permanently mounted on a cardboard S10 inches, 
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the serial number of the plate enc} 


, -have to change “ar 
anil simply have to ¢ s Short SLrong CXPOSUre OT A Tey 


ae eg oa ner in ised. 
= eontrivance being in pk 20) | pa RE cea 

cca A= the Wate Is heing develop d his bully a OSI borde 

ase. beervation of the process of « 


is mace. | ee | 
up and materially assists Im ene ae . The dense hiac! 
ment by the ruby light in the dark Sel ie Sirs nse rat : 
produced on the finished plate brings a} rag = err f OF thu 
more clearly when the plate 15 Seareeeaey a ; is =a Saw, L Maas 
A radiograph of ab probe in the Eecbrrapagera & rs ered by Don 
the only certain proof of 1s entry into nile ee Soom 
Jack, at the time of reading his article,” regarded the Vil le: 
7-ray in frontal sinus diagnosis 35 still swh yudice. Kachographs mad 
for him had not proved successful. 2 A 
Mosher reports the successi ul employment of the radiogra 
method of examination In simus disease. ‘ ; , a 
Harland and Pancoast beheved., ti the Lime of reading Ener renort 
at the Annual Meet ing of the Medical mociety OL LHe Stale o} Pennsyl- 
vania, Sept., 1906, that a high degree of vacuum and very great electric 
power were required. They used an induction-coil with 60 amperes of 


HT my i 
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current through the primary coil, a distance of 16 inches from the ant! 


Fre 7 
tT] nt 


cathode to the plate, and an exposure of ten to twenty seconds. Th 


BEL = 


is a tremendously powertul current. They made their pictures with the 


tube below the level of the occiput. Thev used a chaphragm. 

Crvyer’s dissections of the frontal smus* show a very great diversity 
in frontal smmuses which have been free from disease. Some are very 
small, while others spread all over the forehead and temples. Some 
have a8 many as five or six separate pockets with a number of = 
outlets. Such variations would be discoverable by anteropo 
rachiograph. 


parate 


r risie 
| hee | ae 


Figs. 645 and 649 show variations in the normal appearance in cases 
in Which the author has made radiographic examinations of the frontal 
Sinus. 

Fig. 606 shows the frontal sinus in an empty skull used for purposes 
ol demonstration. ; 

Transilumination of the Frontal Sinmus.— [his must be done in a Verv 
dark room. A 3 candle-power incandescent lamp is enclosed in an 
opaque cylinder, whose open end is pressed close against the under 
surface of the upper wall of the orbrt. rr ma 
the extent of the frontal sinus. The glow may be lessened when tr 
anche tes filled with solid or liquid substances instead of air. ‘The diag- 
nostic value of the method is impained by the fact that some sinuses, col 

taining pus or ewollen or polypoid mucous membrane, show apparen! ly 
normal illumination, and others, which arc perfectly normal, do not 
illuminate as well as usually. Sometimes in a normal case the twe 
sides show unequal illumination. | | = 

Radiography of the Antrum or Superior Maxillary Sinus. This 
ise f ere tie sinus may be examined by the x-ray, either fluoro 

th), The tobe rae ne aty; rom hpi different direction=. | meio: 

TL. 7 = (Le ane ol ai a ace. ni 5 
Scope or photographic film may be ‘held inside Ss ecru, either im 4 
iNew WV oe er 
= “ak pate ha paar arart 2 i hte as 
“Jour, ‘Am. Med, Asoc, Jo = 6, Lin? 


A red glow may be seen defining 
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horizontal position or applied as closely as possible. 
of the gums and roof of the mouth. 

antrum is of normal size, whether it j 


ds . to the 
The image shows 
S filled with pus 


er srfaen 
Whiet her the 
polypoid. OF 


Fig. biS.—N onmal frontal Sins (a) In & patient examined for [rontal SInwsitisa: & aed 
ethmoid cells: ¢c and ¢, antra. 


tumor tissue, and whether any of the teeth project into it and cause 


trouble. The details of this examination are explained in the section 
on A-ray in Dentistry. 


Fig. 649.—Normal fronial <inus (a) in a Datient examined for frontal sinusitis: 6. richt 
ethanold celts ape te seein 3 Datient examined for front! ‘and ¢, antrs- 


” The tube ma be at the o ite side of the face. the mouth Open: 
ae ray shining through the sacuth from below the level of the op- 


teeth, and having to penetrate only the roof of the mouth and 











mM MEDICAL ELECTRICITY AND RONTGEN RATS 


the upper jaw on the a Tected side. The fuoroscope or photographic 
plate is held against the outside of the face on the affected side. A 
comparison hetween the two antra may be thus obtained. The quality 
of the ray required is about No. 6 Benoist. A much greater degree of 
penetration does not afford sufficient shadow to even make out the roots 
of the teeth clearly with the fluoroscope. With an intensity of y'5 Pouwzey 
and a distance of 15 inches from the anticathode to the plate the expo- 
eyre for a radiograph would be about ten seconels 
The above degree of intensity is obtained with an 
induction-coil and a primary current of 1S amperes 
or another apparatus with equal power. ‘Transform- 
ers erect ly reduce the CA DOSUTE. 

(2) The tube may be at the opposite side of th 
face, in a line passing through both antra from side 
toside. The plate is against the affected side of thi 
face. ‘This position is very easily maintained by the 


patient if he lies on the table with the plate under 


the affected side of the face and the tube over the 
opposite side. The distance should be about 4 
inches. the penetration about No. $ Benoist, the 
intensity ;); Tousey, and the exposure about 
fifteen seconds. The above intensity may be ob- 
tained from an induction-coil and a primary current 
of iS amperes. <A transformer permits of exposures 
of from one to seven seconds. 

Fig. 651 shows the antrum forming the natural 
air-space above the level of the hard palate and 
crossed vertically by the malar prominence. 

Fig. 652 enabled the author to make a diagnosis 
of suppuration m the antrum. The case is further 
ficured on page (+. 

A radiograph made in this position does not 
fIVE A comparative picture of the two sides. An 
important fact is that the shadow of an opaque 
substance in either antrum would be cast upon the 
plate, no matter whether it was on the sule next to 
the plate or not. Generally it is only one side that 
is affected and no doubt exists as to which side. 
‘The shaclow of the opposite SNniriin if norma! otters 
no real difficulty, even though it is superimp ei 
on the image of the affected side. The latter 15 
clearer and of the natural size, while the former 1 
: enlarged and vague because of its distance from the 
Fic. 650.—Conkioy's Plate. It is to secure the last con lition that the 

tranmsluminator tube is placed as close as practicable to the un- 


| affectes| side of the face. Fig. 653 is such a radic- 
graph of the antrum in an empty skull. 
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Placing the 2-ray tube some 


what further back enables us to secure separate images of the two antm 
in a lateral radiograph. 


Cazes occur in which it is necessary to make « comparative picture 
of me two antra, and then the following method is generally used: 
as alg anal is behind the patient's hed and in the median lane, 

« Plate being in front. The relative position recommended for €x- 
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Fiz. 651.—Normal antrum 
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Pig. 02.— Eenpyens af the antrim of miaxilery ns, All upper? tecth had been ex 
tometer foe pocnlim. 
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Fic. 653.—ormal antrum in empty skull (filled with shot on one idle). 
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amination of the frontal anus Answers very wi ll for ie he Thy 
frontal sinus, ¢thimond cells, and both antra often show very well on the 
Ee nl ite. The antra alone are somewhat hetter pS ia em 
graph made with the ‘hin somewhat flexed toward the cheat nae: anil 
the tube at such os level that the shadow of the COC POLL falls shove the 
antrum. The antra show better when the tip of the nose js nresseq] 
night acainst the plate than when the forehead touches the plate 

This position may be obtained in any of the Ways mentioned! on 
pages SO4 to S07 in describing anteroposterior radiography of the fronts) 
inus. Cme of the best heing W1' Hi the author's lnteral nlate holder. a 
patient Lying on his side; and the other with the patient lying face down 
upon the plate. 

This picture Is less cifficult than the anteroposterior one of the 
frontal sinus, but at the same time is far from easy. The best decree 


Fig ee AD iclile af qhaetai tn entla fugll rae Leeswel I ats rnl wieew 


of penetration is No. 7 Benoist, and the exposure should be thirty to 
sixty seconds, at a distance of 15 inches from the anticathode to the 
Plate, with an intensity of No. ~. or 4 Tousey. 
Fig. 654 shows a case of long-standing suppuration in the antrum; 
the same patient as Fig. 652. | 
_ Radiography of the Ethmoid Cells.—The ecthmoid cells be between 
the inner walle of the two orbits and the upper parts of the nasal fosse. 
The anterior ethmoid cells show in either an anteroposterior or s 
lateral radiograph. ‘The posterior ethmond cells can be studied best in 
& lateral radiograph. Figs. 655 and 696 show the position of the middle 
ethmoid cells in an empty skull. 
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Fiz- 655.—Middle ethmoit eells full of lead. Frontal «inua and antrum in nutural con 
- dition. <anteroposterbor Vrew. 


Fi r i — : en Be 7 au 
with A Neb =< irom suppuration in antrum and othmekd cells. Radiograph mace 
yeh 7 % at amuch lower level than the occiput. This it practicable only for the 
SLERE ULE. ve base of the skull obscures the Fccnial Pitre 
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Fig. 655.—Lateral radiograph of the sphenoid cells full of lead in op empty sku. 
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Fig. 657 is a radiograph of a voung lady with long chronic supe 
Puration m the antrum and ethmoid cells, as evidenced by the dark 
tract on one side. | 

The lateral view of the anterior or posterior cthmord cells is not 
a difficult radiograph to make. The patient may lie with the affected 
side of his face resting upon thie plate. The tube is over the other ale, 
ata distance of 13 inches from the anticathode to the plate. The pene- 
tration should be No. 7 Benoist. An intensity of 7; Tousey will require 
an exposure of forty-five to sixty seconds. An intensity of yg Tousey 
with a prumary current of 18 amperes will require an exposure of fifteen 
to thirty seconds. One to seven seconds suthce with «a transformer. 
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Radiography of the Sphenoid Cells.— These arc studied in a lateral 
raciograph mace in the same manner as that of the ethmoid cells. 

Fics. 658 and 651) are radiographs made of the sphenonl! cells m an 
empty ekull. Thev show the relation ot these celle to the normal 
lights and shadows of the adjacent parts. They have served the author 


as anatomic charts. 
In a radiograph of an actual patient a certain dark shallow was 
fo correspond with a natural bony shadow in the chart and not 


rt a aad | 
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Fig. G50. — Anteroposterior radiograph of the «phenold eells full of lenacl in empty ekull. 
with the position of the air-space forming the sphenoid sinus. The 
conclusion was that this sinus was not filled with pus. 

Stereoscopic Radiographs of the Pneumatic Sinuses of he 
Face.—Stereoscopic radiographs of the sinuses may be made by having 
the tube 14 inches to one side of the median line for the first plate, ane 
the same distance to the other side for the second plate. 

The anteroposterior radiographs of the frontal sinus requi 
and strong an exposure that the double length of exposure requis’ 
stercodiapraphy is usually undesirable. 

There is not the same objection to the stereoscopic method in lateral 
rachographs of the frontal sinus, the ethmoid cells, and the antrum. 
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The Turbinated Bones and Septum Nasi.—‘Th, 
any of the anteroposterior rachiographs of the f 
are shown and the extent to which they eneroach 


Iractures of 


burt ith he a 


1 be 


7 ie Ol 
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aeres Deviations or old or recent 
shown. 

Topography of the Pneumatic Sinuses of the Face as St : 
Radiographs.—The author exhibited at a meeting of the RE, ia al 
and Laryngological Section of the N.Y. Academy of Medicine Nema 
hor. 1On7. a Scr > of radiographs of An empty skull iat whieh eat 
other of the smuses was filled with lead shot. The radiograp!| V were 
made in either a lateral or an anteroposterior direction and eome of (1 


S0¢) Some of 


Loem 
SIMUSCS In raciocranhs 


were slercoscopic. The ralue ol Ste h pictures Lee in the a bital 
: | = | E a - tpt | cr Tal 
they afford to the recognition of the ciirerent 
made from actual patients. 

Some of these radiographs are reproduced in Figs, 655. 656. 658 
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THE NECE 


Fluoroscopic examination of the neck 15 rather Inconvenient. hut 
would reveal the presence of foreign bodies or tumors. Fractures ot 
the vertebre and pathologic changes in the larynx are much better 
studied in the radiograph. ‘There is a case on record of the imave of 
the cartilages of the larynx being mistaken for a set of false teet}— 
operation, death, teeth not found in the patient’s throat, but subse- 
quently discovered mn his bed. 

Lateral Radiography of the Neck.—In radiographing the neck 
from the side the patient is sitting up, the plate is at one side of the 
neck and parallel with the median plane of the body, the chin is some- 
what elevated, so that the body of the jaw ts horizontal. The tube is 
on the opposite side, at a distance of 20 inches from the anticathode 
to the plate, and about half an inch below the level of the chin. The 
resistance may be from 2 to 4 inches and the penetration from No. 6 
Benoist, exposure one minute with 10 amperes (intensity fy Tousey), 
or thirty seconds with 15 amperes (vx Tousey). Transformers reduce 
the exposure to one to seven seconds. It may very well be found that 
the plate will show details which it will be difficult to bring out in the 
pint. The picture shows the lower jaw, the tongue, the esophagus and 
pharynx, the hyoid bone, the cartilages of the larynx, the cervical 
vertebra, and sometimes the styloid process of the temporal bone. 
An unusual amount of ossification in the thyroid cartilage is said to have 
caused it to be mistaken for a set of false teeth in the case referred to 
above. 

__ An anteroposterior radiograph of the neck is made with the patient 
ving face up on the table, with the plate under the back of the neck, 
amd the tube vertically over the cricoid cartilage. The distance & 
18 inches from the anticathode to the plate, the penetration about 
No. 7 Benoist: an intensity of about + Tousey requires an exposure 
of from forty to seventy-five seconds, depending upon the size of the 
Patient. Transformers producing i tn | Tousey power reduce the 
CxPOSUre to one to seven seconds, with about 70,000 volts and 20 to 
“ma. Fig. 660 is of a patient whose larynx had been removed for 
Cihemoma; the tracheotomy tube is shown. 

Cervical Ribs.—The anteroposterior position is the correct one for 
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an examination for this condition. The distinctive appearance in this 
eqee is the fact that such s SU DCUMC rary rib docs not extend around to 


the front of the neck, but forms a short straight bone. <A good radw- 


craph 1 required LO differentiate a cervical rib from the transverse 
proccss of a vertebra. Where it 15 quite rudimentary, however 


iT a 
oe a 
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usually not the cause of the ah rp OLS complained or. 

The affection 18 more often bilateral, arising from the sew nth ceryi- 
cal vertebra, but one supernumerary mb may be more developed than 
the other. lt may be merely rudimentary o1 present any torm he Euraar 


this and a fully developed nb. Theeffteécts are serious when the vessols 


ri 
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Fiz- 6o.— Anteroposterior radiograph of the neck Tracheostomy ‘ohe in poston after 


larvngectomy for CAPCIOE 
ceod by Keen’ are: 
arized by 2. ‘ 


and nerves pass over it. The symptoms a5 sum) | are 
and obliquely 


1. There may be a hard tumor in the neck with a high an uqu 

puleating subclavian artery; 2, there may be severe neuralgic soa peel 

verted acnsation, and hoarseness; -, there mis bet t yrom boss Ith a 

subclavian artery, gangrene and edema col the extremity, and at pe 

gestion of aneurysm; 4, there may be wasting of the muscles of the arm, 

dysphagia, and scoliosis. vy = 
Rotary Dislocation of the Atlas. — This comparatively rare, but not 

1 Am. Jour. Med. Sciences, Feb., 190. 
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of the neck 

Forward Dislocation of the Atlas.—PForrar) 
atlas with fracture of the odontoid Process F the 
which the Lorre | hangman ALS to produce: pee ee 
sions such compression or laceration of the 
practically instant death. 
strates 16.° 

Fracture of the Cervical Vertebr:.—This will show in ac . 
posterior radiograph, but a lateral one will aaialie het Se antero- 
desirable. = ve found more 
; Localization of Foreign Bodies in the Tissues of 
SLETEUSCODLC racliography, Cither lateral or 
teresting results in localizing such forcion bodies as bullets, 

Localization on the MeKenzie-Davirdson prin 
came class of cases, 

lt is much =] mpler, however, to take two radioera phs of this resion 
at z nicht ancle, hrst fastening fl leacl marker on a part of the neck where 
its Image will not cover that of the bullet which is located in this WAY, 
The same thing may he accomplished with the fluoroscope. The neck 
is examined at first from the side, and a lead marker is applied at each 
side of the neck in a direct line with the bullet, as seen in the fluoro- 
scope. Then the fluoroscope is held behind the neck and the tube in 
front while another pair of markers are applied. The intersection of 
these two lines ts readily found by the surgeon if the different marks 
are made durable by nitrate of silver. 

Localization of Foreign Bodies in the Esophagus.—These are 
very apt to be metallic, and if of considerable size, like a coin, should 
be easily located in any part of the esophagus. One glance at the 
fluoroscope will generally reveal the presence and position of the for- 
eign body. This was the case in the author's own patient, whose 
radiograph (Fig. 661) was taken simply as a record. The nickel five- 
cent piece was removed by a coin-catcher passed down through the 
mouth without waiting for the photographic plate to be developed. A 
good deal of twisting and pulling was required in this case, as the coin 
had been in position for nine days and had begun to ulcerate through the 
wall of the esophagus. The utmost gentleness had to be used in these 
manipulations, and it required five minutes to remove it after it was 
engaged in the eoin-catcher. - This instrument, it will be remembered, 
a sort of blunt hook hinged upon a flexible handle, and is passed beyond 
the coin and then withdrawn. When it engages the coin, the latter 15 
brought out by pressure applied at its most distal part, and the com 
may tip in one direction and tear the wall of the esophagus if it catches 
ina depression caused by ulceration. Such an accident 1s to be avoided 
by pentleness and by twisting and turning. If the coin refuses to move 
the coin-catcher should be freed from it by pushing it back and then 
turning It into a position in which it slips pest the coi and out of the 
patient’s mouth. : | 

The next step in such a case would be one which might have been 
used in the beginning—extraction by forceps under fluoroscopic ob- 
servation. ; 


¥ a lateral radiograph 
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i Corner, Annals of Surgery, Jan., 1°47. 
2 Kelly, [bid., August, 1905. 
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eit position of the coin 1s first msecrtamed 
to esophageal forceps are then mtro Lunes cl 
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Fig. 601.—Coin lodged in esophagus of a child three years old 

proximal Peart of the coin the |; atter has no tendenc ¥ to hook into the 
ae ap gris ul wall. Henrard! Au fia dae “rare Spec ml hore pS for this peartict- 
lar case. 
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No harm is usually done if a com lodged in the czopharus is pus] 
into the stomach in the course of cfforts at extraction. 

If a coin or any other foreign body cannot be detected by the 
scope a radiograph should be made and developed at on e. 

A coin orother foreign body which has been located in the esoph 
by an x-ray examination, and which has resisted efforts at extrac 
through the mouth or dislodgment into the stomach, usually requires 
esophagotomy. This 18 50 serious an operation that the radiologist 
should guard against every possible source of error in making his di 
nosis of the presence of a foreign body Ere ym the I-TAV Appearance 

A most striking case in this connection was that of a patient who 
was supposed to have swallowed a set of false tecth. The radiologist 
thought he could see them and an esophagotomy Ws performed, 
They were not to be found in the patient's esophagus. The patient died 
from the operation, and the false teeth were discovered under the pillow 
im his bed. The explanation given was that some part of the larynx 
Was unnaturally dense, and that its shadow had been mistaken for that 
of a foreign body. The hvyoid bone, especially its cornu in «a lateral 
view, presents a shadow which might be mistaken for a foreign body, a 
misplaced tooth, or a salivary calculus. | 

Needles or pins are sometimes easily detected and sometimes do not 
show. A case of this kind which the present author examined was that 
of a circus performer and sword ewallower. He was in the habit of 
swallowing needles, which were probably caught in some kind of recep- 
tacle out of sight in the esophagus. After the performance this recep- 
tacle was to be pulled up out of the man’s throat. On a certain occasion 
some of the needles were supposed to be missing, and a few days later 
the author made a radiograph of the thorax, which did not reveal 
them. } 

Fish bones and small chicken bores would usually not show in a 
radiograph of the thorax; they might if lodged in the throat. 

Rectenwald' removed a silver quarter dollar located by the z-ray 
(radiograph by Johnston) 219 days after lodzment in the esophagus. 

Hannecart: located a hard-rubber dental plate which had been al- 
lowed to remain in the esophagus for ten days, the medical attendant 
having been deceived by the fact that an esophageal sound could be 
passed without obstruction. Esophagotomy was successfully performed. 
The foreign body had caused a peri-esophageal abscess and a necrotic 
condition of the wall of the esophagus, but no dyspnea. 

Scannell? reports a case of x-ray localization of a foreign body 
lodged in the esophagus for seven weeks. It was successfully re- 
moved. 

King" located a child’s tin-whistle lodged in the esophagus for ten 
days. Esophagotomy was successful. | 

A pin hidden in one of the ventricles of the larvmx would be readily 
shown by a lateral radiograph, though undiscoverable by the laryngo- 
scope. Mackintosh and Downie have reported such cases. The author 
knows of a case in his own family where a pin escaped detection by 
the laryngoscope and caused cough, persisting for two years. It was 


'New York Med. Jour., Jan. 13, 1905. 

? La Revue de Stamatologie, May, 1005. 

? Boston Medd. and Surg. Jour., Dec. 27, 1906. 
“Medical Record, Oct. 27, 1907. 
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finally dislodged by a fit of coughing. The z-ray, if it had been known 
at that time, would probably have discovered it. | 
Other foreign bodies, such as pins and metal washers, have bee: 
located in the esophagus by means of the x-ray andl succeetalte ay 
moved. Os 
Stricture of the Esophagus.— [he I-Tay stiiv of this condition 
may be done by the use of a flexible bougie with a metallic clive lis al 
extremity, or, according to a suggestion by Chandler,’ two such arent 
bougies may be usec. One may be pushed through the str Tema am 
then withdrawn until it engages behind it, the other beine push, 
down to the face of the stricture. The radiograph would show the 
position of the two olivary tips and the distance between : 


: - . mike n them. An 
anteroposternor picture 18 made with the Dm ate behind, and using ti 


= io, 


same technic as m other neck or chest radiographs, according to which 
region of the esophagus Is affected. : T 

There is everything to be gained by fluoroscopy during the extraction 
of a foreign body from the esophagus, provided that one is exceedingly 
careful to prevent overexposure. The patient should he face up on 2 
eanvas or thin wood table, with the z-ray tube underneath. The room 
is entirely darkened, and the image of the foreion body and the forceps 
OF com-catcher are observed pon an OpCTL fluoroscopic ecereen laicl Over 
the patient’s neck and chest. The danger to the operator would be very 
creat if such cases occurred frequently. 

The a-Ray Diagnosis of Diverticula or Stenosis of the Esopha- 
gus.—This is made by means of radiographs taken after a patient has 
swallowed an emulsion of bismuth, or a paste made of potato and bis 
muth, which shows perfectly black in the location at which its progress 
is arrested. 

The bismuth or iron emulsion for radiography of the esophagus should 
form a thick hquid. 

A thick paste of mashed potato and bismuth or iron 1s preferable to 
the liquid for radiographic purposes. 

The proper position 1s that the patient lic flat upon his back on the 
plate, with the tube vertically over the portion of the esophagus which 
Is suspected to be the seat of the lesion. = 

Spindle-shaped Dilatation of the Esophagus.—This condition 

has been diagnosed by Sjogren? in 2 cases. One patient was fourteen 
months old, and was given three or four teaspoonfuls of an emulsion 
containing $ grams of bismuth subnitrate.  .\ lateral radiograph showet 
the esophagus as a narrow mbbon (visible because of adherence of par 
cles of bismuth) down to the level of the eighth dorsal vertebra. Phere 
the shadow became large and dense in a spindle shape. An 
posterior radiograph showed the spindle-shaped mass, but not the traces 
of bismuth in the upper part of the esophagus. The other patient, 4 
man of thirty-seven years, Was given 60 ec. of an emulsion containile 
95 grams of bismuth subnitrate. A lateral mu liograph showed a spin ihe 
shaped shadow beginning at the level of the seventh dorsal vertcor™. 
The dorsal radiograph showed everything but the upper end of the 
shadow where it was overlapped by the heart and vertebre, 

Stenosis of the Esophagus Due to Pressure by Mediastinal Tu- 

' Black, Amer. Med. Jour., Jan. 28, 1005, 


iNew York Med. Jour., Jan. 13, 1006. | 
§ Fort. auf. d. Gebcite d. Roent., vol. x, No. 5, p. 970, Dec. 24, 1000. 
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Sy 
mors.— lwo cases of this nature were diagnosticated h 
©-ray examinations, aided by the passage of a sound ay 
centrated mixture of bismuth subnitrate or provided w \, 
Retropharyngeal Abscess.—This is a condition : 
which may be assisted by a lateral radiograph of the neck 1. cle: ke 
the esophagus and of the larynx or trachea, but without a ta rey 
ence in density from the surrounding tissues. atten 
A Tumor of the Neck is Diagnosed in a Similar Way.- 
speaking, the differential diagnosis between a tumor and an absreee ir 
the neck by means of the z-ray is not so much a differoner of de... ie 
as in the shape and position of the tumor. 
Fig. 769, p. 1117, is a radiograph taken of a patient under { reatment 
for recurrent carcinoma of the neck. The original growth was in the 
larynx, and a complete laryngectomy had been performed about a vear 
before this picture was made. There was a recurrence of the cancerous 
growth in the tissues of the neck, forming "i 
at the time that he came under treatment 
a mass about the size of a small apple, and 
occupying the position from which the 
larynx had been removed. The patient 
was still able to breathe through a trache- 
otomy tube, but the growth had com- 
pletely obstructed the esophagus. The 
results of z-ray treatment in this case are 
described in the chapter on “The Thera- 
peutic Use of the z-Ray.” The picture 
shows this growth as a portion of the tis- 
sue, not differing in density very much 
from the other solid tissues of the neck. Fig, 662.— Diagram of appear 
li shows the air-space of the trachea ter-  anee of the larynx ina lateral radio 
minating suddenly at the level of the arb. Mf. Body of byoid bane; 
growth. No trace of the original carti- glottis: T, upper cornun of thyroid 
lagzes of the larynx is to be seen. cartilage; A, prominence of larynx, 
. ey, or a . ir, trachea: F, ventricle of larynx 
Radiographic Diagnosis of Laryngeal {after Grasbere). 
Lesions.—It is very important to have a 
radiograph of the normal larvnx taken with one’s own apparatus and 
technic 4s a means of comparison. A chart showing the location of the 
different cartilages and other paris of this section of the neck is given 
in Fig. 662. The radiograph itself should be a lateral one, with a small 
plate held as closely as possible to the side of the neck, and with the 
anticathode at a considerable distance, say 15 inches, from the plate. 
The best. results will be obtained with a rather low degree of vacuum and 
with a more than ordinary degree of intensity. Penetration No. J or 
No. 4 Benoist. : 
The late Dr. Kassabian® reported radiographs showing tumors ol the 
trachea and vocal cords. 
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THE CHEST 


Fluoroscopy is of greater value in examination of the chest than 
almost anywhere else. The relatively slight density of the lungs 


' Riforma Medica, Dec. 23, 1005. | wa 
* New York Mad. Journ., Feb. zh, La? P- a7. 
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and the thinness of the chest walls pee rrenit aulhicient roacimn 

through to give a good image on the screen. Fractures, 

ot thie clavicle OF ribs, are readily detected * those of the vertebra. « 
especially of the sternum, being more difficult. The condition of th 
lungs is very well studied in this way, a tube with a medium vacuy 
been used and a primary current of about S Sn pers, the anticathndds 
being 15 or 20 inches from the chest wall, and cither in front or behin 
In an entirely dark room, and with a large Huorescent screen, the mov 
ments of the diaphragm may be studied, also the translucency of th 
lungs and a diminution of the latter indicates consolidation of the lung 


- Fiz. 663.—Fluoroscopy. Tuhe enclaeed in ¢ (que Coa Sen Toes with it rid 
at eee by lead glass Safety to the operator would be attained by his standing aside 
and viewing the Huoroscopic PE I i Ee Sehadel-Western Co.) 


or thickening of the pleura; cavities in the lung also show, and in many 
eases thickening of the walls of the bronchi and deposits in the lymphatic 
vessels and glands. Pleuntic effusion or empyema may ba determined 
in this way. The smaller enclosed fluoroscope has the advantage of 
being available when it is inconvenient to darken the room completely. 
A a blonged study of the fluoroscopic image is dangerous to: perator anc 
Patient. The heart can be distinctly see EL “nd eet pulsation watched. 


It is often desirable to estimate the size of the heart with an approach 
to accuracy and for this Purpose the orthodiagraph is of service. Une 
model is illustrated in Fig. 664. It consists of tube-stand and fluores- 
cent sereen-holder combined in such a way that they move simulta- 
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neously hke the prongs of a pitchfork. At the center of thi 

lend pencil which, when the screen is mover, makes a tracing o 

of paper which is held in a fixed position. The patient's cheat 

tween the z-rav tube and the paper over which the sereen at 

move. When the image of the upper part of the heart annear 

at the center of the screen it means that the tube and the upp © horde 
of the heart and the lead pencil are all at the came level. A MArk misc 
there 1s actually at the level of the upper border of the heart. In the «s 
way the actual level of the lower border may be marked on the DAper a 


by carrying the aCreen ancl Its pencil alone the wisibl horcls root 


=! * 


Pig. 64.—Orthodiagraph. Thisinvolves a dangerous exposure of the operator nnd patient. 


Lee an outhne is drawn which is of the natural size. This is true in 
spite of the fact that the heart is at a considerable distance from the 
Screen, and that consequently its visible image at any stage is enlarged 
m proportion to tts distance from the plate. The tracing consists, then, 
of a number of points representing the true position of portions which 
they represent on the border of the heart. A convincing demonstration 
of this is Lo place ri key rather close to the paper and another of the 
Same size much further away and quite close to the z-ray tube. The 
fluoroscopic image of the first is of about the true size, while that of the 


wert) Ss rrenativu mae a iad BoD Ta Fe 2 ; a 
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of the two images, both tracings are foun l to be of th 
f k | | t 


that is the true size of the keys. The orthodiagra| h di 
Hrovide the means for making = radiograph SOW ng at 
heart: the result obtained is only a peneil tracing 01 
image. The apparatus may be arranged so that 
table on which the patient hes with the paper and scree 

The presen! author made early ex periments looking toward the u 
of a method of orthodiagraphie radiography, notably by the u 
cellular screen, the principle being that the z-ray is allowed to 
only through a group of nine parallel tin cells, each 4 inch in di 
and 5 inches lone. The tube 1s enveloped in a localizing shield in 
onfice of which the group of cells ts fixed. The whole is suspended | 


cord long enough to permit of motion mm every direction far enourh | 


ae c 
Li 


Fig. Ghd —Urthodiagraph with two sereens, 


cover the entire organ to be depicted, and permitting the group of cell: 
to remain vert ical all the time. The plate lies flat upon s table. thi 
portion to be radiographed on top of that, and the tube is suspended 
just high enough not to let the end of the cellular sereen touch the fle 

AS not more than a 2quare inch of the plate receives the rays at one time, 


the duration of the exposure would have to be as many times longer than 
hormal as there are square inches in the picture desired. This docs not 
mean that the patient is exposed to the z-ray an abnormal lencth of 
Sime. Each square inch of the required area of the patient reccives 3 
-Eiteerase cpigede ds Nat urally, one would make the picture much more 

? CIMCenslons required to show the actual! size of the organ oO! 


foreign body under examination. The Image of any very small object, 








like a needle, is more blurred by this method than by ordinar 
raphy. 

A variation in the orthodiagraph has been suppres: 

lt consists in placing the paper and the crayon behin, 

This enables one to place the fluorescent SCTeen clirect|, 

the patient. There is only a small metal pointer, which n 
surface of the screen and does not interfere at all wit h an ace 
of the image. The crayon is in a line continuous with 
ray. 

(ne form of orth wliagraph? has two Screens (Fig. Cry), one for the 
orthodiagraphie tracing, with a small diaphragm in front of the eras 
tube, and another for a zeneral view with the diaphrarsm removed 

This may be use| Lo make | orthodiagraphic re llograph hy Pd 
making Fa tracing of the heart and the reneral landmarks or the chest 
without the small diaphragm. Then applying the latter and puttine o 
photographic plate in place of sereen No, 5 (Fig. 665) CalTy the pointer 
over the same pencil lines acain. 

Orthodiagraphy is very far from being indispensable. An ordinary 
radiograph, made with the tube at the proper distance from the plate to 
correspond with the thickness of the part examined. will give an image 
from which a correct estimate of the size of the ol ject may be made. 
The ordinary radiograph or the Stereoscopic radiograph has the ad- 
vantage of giving a first-class picture of the object, and of all that part 
of the body which the orthodiagraph, either tracing or radiozraphing, 
practically cannot do, 

Radiography of the chest may be performed with the object of 
securing good detail of the bony structures or rood detail of the lunes, 
For the bones, the tube should he of rather low vacuum (resistance less 
than 2 inches and radiometer about No. 4 Benoist). exposure, forty 
seconds with 18 amperes, this being the strength of the primary current 
in an induction-coil with a Wehnelt interrupter. A transformer, with a 
secondary current of 60 kilovolts and 30 ma., prod ucing an intensity 
of about 1 Tousey, requires an exposure of five to eight seconds. An 
intensity of radiation of at least 3 Tousey is required and will necessitate 
an exposure of five minutes. These different exposures give equivalent 
results upon a photographic plate, the patient lying on his back upon 
the plate, and the tube at a distance of 19 inches from anticathode to 
plate. Shorter exposures under the same conditions will produce pic- 
tures which are very good, but not quite so substantial appearing. For 

the detail in the lungs I prefer the same method as above. and the result 
may be best obtained if the picture is taken in so short a time that the 
patient can hold his breath and the chest be motionless during the entire 
exposure. Io obtain still more rapid pictures of the chest an intensi- 
lying screen may be used. The exposure may be reduced to a snapshot. 
anstantaneous radiography of the chest has been attempted in the sense 
in Which the Ler instantaneous If used in regard to snapshot photo 
Graphs with 4 kodak camera; and with an extremely poweriul 4D DARATUS 
(p. v22 ) Ohe-quarter or one-half second excellent eXpPosures are practicable 
without an intensifying screen and of ro that time with a sereen. 
In radiographing the chest the best pictures are obtained with the 
lowest degree of vacuum which will show clearly through the chest with 
‘ iinch. med. Woch.. 190s. 
 HOntgen Congress, May, 1905, exhibited by Polyphos Co. 














oD) MEDICAL ELECTRICITY AND KONTGEN KAYTS 


the fuoroscope. Such & Vacuum will take a little longer 
a picture, hut the result will he both better contrast an: 
than with a higher vacuum. | 
Aneurysm of the aorta shows very Well In & racdiorraph and eo do 
deposits in the mediastinal glands and foreign bodics in the esophagus 
and lungs. by a lowme the patient to «swallow an emulsion of bis- 
muth or iron, which is Very OPM Ue tO the x ray, We May demonstrate 
the presence of a diverticulum or a stricture af th 
The dorsal vertebre are best studied in a rachograph made wi 
tbe 5 inches to one side of the median line, so that the shadov 
the sternum will fall to one side of that of the spine—plate behind, tube 
in front ot pal emt. 
The Diaphragm.—Diaphragmatic paralysis is readily detected by 
= 


7 
t fFecrt rh rw 
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means of the z-ray. 
Commencing pulmonary tuberculosis is indicated by diminution of 
translucency at one apex and lowering of the corresponding half of the 
diaphragm." 
The convexity of the chaphragm im its average position on the night 
side is 164 centimeters below the horizontal episternal linc, and 18! 
centimeters below this line on the left side. The amplitude of move- 
ment is the same on both sides, and is about 1S millimeters. The 
relation between the amphituce of excursion and the functional angle of 
the nbs varies in different normal individuals, according to | 
tory type. The conditions in the amplitude of excursion on e1 
may have a pathologic significance.* Keduction in the fu 
angle is suggestive of tuberculosis. 


The Costal Angle. 


spiration, 
and another similar line drawn during expiration. These two lines are 
traced by means of the orthodiaseope or in two radiographs. This 
angle Varits directly as the amp tude of the oscillation of the diaphr: im. 
It is very much diminished in pleurisy and in tuberculosis. 

The Cardiac Area.—The cardiac area is reduced in persons with a 
tendency to consumption, and also in persons with pulmonary tubercu- 
losis. It is larger than normal in cases which have recovered from 
tuberculosis." 

_ Topography of the Thoracic Organs in Radiographs. (The 
Tube at the Level of the Sixth Dorsal Vertebra.)—l. A.nferapestcrior 
Radiograph with the Plate Behind (Fig. 666).—The spine shows quite 
clearly in the upper part of thorax and neck, the spaces between the 
bodies of the vertebrae: being Very strongly marked. Jtshows asa darker 
shadow with parallel borders in the part of the picture where it is covV- 
ered by the heart, but sometimes the separate bodies of the vertebra: 
may hotehow distinctly. The spinous processes of some of the vertebrax 
In this region may show as small rouniled spots. 
The trachea shows as a clearly defined band of translucency, ext ending 
“pac tau Congress of Tuberculosis, Paris, 1898. 
‘ts Gok. Ue: l’Acad. des Sciences, 141, 251, July 24, 1005. 
SCH. Acad’ de. S 1d TOO. Se ee 
eGuil rian - gerettyy CENYIU, 1420, June 12. TSeb ee 
leminot, C. R. Acad. des Sciences, 140, S12, March 25, 1905. 
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down in front of the vertebra: to the level of its bifureatin: 
vertebra) 

The bronchi and their branches. inside and outsicle 
cannot ordinanly be seen in the radiograp! 

The elavicles show distinctly, and so does their articulatie 
manubrium sterni, i 

The sfernunr is not usually cistincily visible in the coren| ry 
only its manubrium ean ordinar y be traced ma 

The ris show very well, and even those oversha, lowed by 
can be traced in the plate, 

The bt hye show ra | certain Tritti thing, wh ih 1 AD] 
blood-vessels and not of air-passares, It is important to cistinm 
this from the abnormal appearance due to tubercular deposits, : 

The cardiovascular mass { Fic. 666, from Rieder’) shows a shadow 


La. 


t 


arently the sh: 


which is bounded as follows: Beginning close to the border of the spine 
the edge of the shadow of the SUDETIOr Vena cava passes dow a hiricat 
parallel with the border of the spine and merges into the shadow of the 
nicht auricle. The convexity of the latter extends the width of the 
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Fig. 666.- Diagram of radiographic Fic. 667.—Cardiovascular tuporranhy 

Sppearapce of the thoracic organs with the with the x-ray tube behind and the plate 
tube in front and the plate behind (Riede rj. in front (Rieder). 


spinal shadow to the right, and then curves in arain to merge into the 
mght ventricle at the intersection of the diaphragm and the spinal 
column. Then the cardiac outline is lost in the shadow of the spine. 
AAt the left of the spine the shadow of the ventricles is at first contimu- 
OLS with that of the diaphragm covering the liver and stomach, but 
later diverges from it. The apex of the heart is free from anv other 
shadow, and is about twice the width of the shadow of the spinal column 
from the left border of the latter. It is not quite at the lowest level 
of the carding shacow. bk rom this point the horder of the shadow 
pasecs upward and inward, showing a slight concavity where the left 
ventricle merges into the left auricle, and having a convexity over the 
pulmonary artery, which is at a considerably higher level than the 
convexity of the richt auricle. There is quite a distinct angle be 
tween the border of the pulmonary artery. passing upward and inward. 
and that of the aorta, which passes upward with a slight convexity out- 

ward. 
2. Cardiovascular Tepoegraphy in an A nleraposteriar Radiograph with 


i Fortsch, a. d. Geb. der Rocntgenst., 1902, vol. vi, pm. TTS 
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the Piate in Front.—The spine looks larger ani Jess distinet, the elavirl 
amallcr and more cdistinet. lhe heart area is a little smaller and more 
distmet. In this picture (Fig. 667, from Ricder the border of the vena 
eava begins at the junction of the shadows of the rich: clavicle and th 
night border of the spine, and forms a slight cony: xity as it passes down 
but before it reaches the cardiac area it js covered by the sninal shaclow 
The border of the right ventricle becomes visible st « lower lawl ect 
forms a convexity which terminates at the junction of the d iaphraem 
and the spine. It should not extend more than half the width of si. 
spinal shadow beyond the right border of the lat ter. From the left 
border of the spine the shadow of the left vent ricle and the anex of the 
heart extend outward. It may appear in direct contact with the dia- 
phragm, but very often a strip of lung is seen to intervene in this ventral 
position, especially if the z-ray tube is at quite a high level bchind the 
back. The left ventricle and the left auricle and the pulmonary arter: 
form three distinct convexities. extending upward and inward to a point 
near the spinal shadow, where the bors ler of the descending Sorta 1 athe) 
close to the spinal shadow, and extending down from the clavicle to the 
heart area; it is only slightly convex. 

(Weinberg’s Atlas der Racdiographie der Brust Organe, E. M. Engel. 
Vienna, 1901, gives an excellent guide to the topography in antero- 
posterior radiographs of the chest.) 

A convexity in the second lefi intercostal Sate extending outward 
from the median shadow in an anteroposterior radiograph is not usually 
due to an aneurysm. It is commonly due to the aorta being placed a 
little farther to the left than usual. 

4 diffuse swelling of the aorta is sometimes seen in old persons, 
especially m a radiograph taken with the tube behind and to the left, 
It indicates atheroma, not usually aneurvsm. 

_ Radiography in Other Than. the Sagittal Plane.—The first investica- 
tions of the thoracic organs by means of z-ray examination, made in a 
number of different directions, were by v. Criezu? and by Holzknecht. 

Rieder* has done more than anyone else to make the oblique and 
lateral methods of examination practicable. 

The tube is usually placed at the level of the sixth dorsal vertebra, 
and generally at a distance of not more than 50 or 60 centimeters fron 
the plate. 

3. Popegraphy of the Heart and Great Vessels in Oblique Radiographs 
of the Thorar.— These pictures are made with the tube at the level of the 

sixth dorsal vertebra, and either in front or behind at an angle of 45 
degrees from the median line, the plate being diametrically opposite. 

_ With the Tube Behind and to Either Side.—The two oblique pictures 
with the tube behind show the spine somewhat curved, its concave 
border smooth and formed hr the bodies of the vertebre: its convex 
border uneven and formed by their transverse and spinous eothndhitima 
and confused by the angles of the mbs. The shadow of the spine 1s 
large anc somewhat Vague. 

The clavicles shaw at a different angle upon the two sides. 


2 ortech. a. d. Geb. der Roentrenst.. vol. vi, p. 118 
we ed. Rongress. f. in. Medizin, Karlabad, 1899. 
Wien. Klin, Woech,, 1900, No. 10, and Die Roentgenologioche Diagnostik der 
‘Fortes ‘der Brustemgeweide Hambu: » Lucas Graife and Sillen, 1901. 
ise. a. d. Geb, der Rocntgenst., vol. vi, 1902, p. 114. 
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_ With the Tube in Front and to Either Side.- Whe aotikic aie 
shows ahah distinctly ; it 15 curved and the conenvity =e smoot Fen ape 
by the bodies of the 1 ertebrea, while the convexity jin ienis ray rere 
border, due to the different Processes of the vertebra: Ane tn the ct x | 
of the mba. AS OTM he angles 


The two scapulse Dresent quite iL different Appearance, The one on 


the same side as the plate presents its customary appearance. while the 
other One Ls si hep | in profile, arid cee TS hike a evlindric bone nik wakee 
than an inch in diameter, extending downward from the shoulder-j ae 

(a) Phe Cardiovascular Shadow When the Tube is Behing and tn a # 
Left { Fig. 668).—Its right border may be traced from below. where 
it 1s formed by the right auricle. It is separated from the spinal shadow 
by a translucent area, and as it passes up parallel with the border a 
the spine it is formed by the ascending q0Tta. ‘The arch of the aorta 


casts quite a broad shadow, which ends abruptly in the translucency 
H Ls hehe 4 


of the lung substance at the level of the elavicles. The left border passes 
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Fic. 668.—Caordiovnsculor LopRe ra Fig. 669.—Plate in front and to the 
phy: Plate in front and tothe right; x-ray right: z-ray tube behind and ta the left: 


ube behind and to the left; angle of 45 angle «a littl lew than 45 degrees with the 
degrees with the median pune. metlian plane. 
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down and to the left, and is formed by the arch of the aorta, the de- 
scending aorta, the pulmonary artery, and the left ventricle. It merges 
into the shadow of the diaphragm at the apex of the heart. The entire 
earnliovascular shadow looks like that of a tenpin used in bowline- 
alleys. 

The esophagus passes down through this transparent space between 
the heart and the spine, and may sometimes be made out in the radio- 
ace asadark strip. Its course 1s rendered more visible by the intro- 
duction of a metallic sound. This oblique radiographic position is 
favorable for the detection of foreign bodies, strictures, or diverticula 
of the esophagus. Diseases of the ezopharus are considered on p. 14. 

(5) lopoeqraphy of the Cardiovascular Mass tn a Radiograph with the 
Tube Behind ane to the fight.—There is the same clear space between 
the heart and the spinc, but somewhat narrower, and this is almost 
in the median line, as indicated by the episternal notch. The shadow 
of the ezophagus may be visible. 

(¢) Topography in Radiographs of the Cheat with the Tube in Froni 
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and to Either Side.—The cardiovascular mass easts a shadow 
enlarged and indistinct. It is covered by numerous shadows 
pulmonary blo “i-vessels. The spinal column shows particul: 
in such a picture. 

Oblique radiographs are especially valuable in the 
ancurvsm, lesions of the csophagus, and tumors of the mediastinun 
Lateral Radiography of the Chest.—This is only practice 
thin and slender patients, and only with the tube on the richt 
The pictures are vague, weak, and do not even give a good ima 
the mbs. he reason for this 1s that there is a creat thickne 
tissue to be traversed, and consequently rreat absorption of the 

and great dispersion or development of secondary rays 

Normal Radiographic Appearance of the Heart and Great 
Vessels.—Arcanst has studied this subject in healthy persons of 
various ages and of both sexes. He finds that the shadow of the whole 
cardiovascular mass presents in all cases an indented and vertical richt 
border which does not pulsate. This outline is produced partly by 1 
vena cava. The left margm pulsates, passes from the pulsating a) 
obliquely upward and inward almost to the border of the sternum, a1 
then from about the level of the second intercostal space curves ou 
ward to form a pulsating semicircle. The latter is formed by the 
shadows of two vessels which overlap: the left portion of the arch of the 
sorta and the pulmonary artery. ‘These two pulsating portions of the 
cardiovascular shadow are often seen separately in old persons and 
others in whom the entire mass is comewhat elongated. The shadow 
Increases In width as well as m length as the person becomes older. It 
is quite short in children (Fic. 661, p. 912), where the abdomen is zo 
much more developed than the chest. 

Alterations of the Cardiovascular Area in Disease.—An in- 
crease of intra-abdominal pressure shortens the shadow of the cardio- 
vascular bundle. Pleural effusions or adhesions variously displace or 
deform it. Cardioptosis (Rummo’s disease) causes clongation and 
displacement downward, with slight increase in width at the base and 
with two separate pulsating areas at the left side instead of a continu- 
ous one. The appearance in this disease is very different, according to 
whether the patient is lying down or standing up. 

Enlarrement or reduction in the size of the heart shows in the 
radiograph. 

Pericardial effusion shows as an increase in the cardiac area, with 
probable diminution in the visible pulsation. Such a radiographic 
disgnosis was reported by Janeway, in which 54 ounces of fluid were 
removed by tapping. | 

A Rontgen ray diagnosis of compression of the superior vena cava 
by an aortic dilatation was made by Dopter in the case of a man with 
cyanosis, edema of the skin of the chest, pallor, cold extremities, tachy- 
cardia, but no cardiac murmurs. 

The Aorta.—This normally shows, especially with the tube in front, 
a shadowy Huoroscopic image, starting from the heart and rounded at the 

top, where it reaches the level of the top of the sternum. It forms 4 
road even band, which is very dark and which pulsates with the heart. 
a en pledicn, Aug. 19, 105, abetracted New York Medical Journal. 

ae kK Medical Journal, May 11, 1407. 
Revue de Medicine, Sept., 1400. 
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EI] 5 La a by . H 
Holskn: chi has made numerous observations upon dead and 
: Wh * ch wy 1 Wes re ro —_ ee) ah emeeed 
OTT ancl Oil: a — dl tM rons. vi hich Conn rir the ghoave c EPL rie rit 
eine ae a Mie | Aorta,—This concdition 13 eviclon ; ij = 
natural extension of the normal shadow of the w per part of t! 

es ee | ied al I fama | Of ips 


| ot ee le a i | F a | | | ‘ if 
ey Pal WaT Mass. The shadow pulzates Ant VATeSs 14 [ sit lon ‘ 
to the part of the aorta which is affected. 


| : ; yy ' t Baetjer,’ from a 
104 cases, gives the following classification: (1) Ancurysm of ¢] 


ing aorta gives a shadow which extends more to the nicht +h in 

left of the sternum. It lies above the heart, and is nearer the - 

than the posterior thoracic wall. (2) Aneurysm of the arch of ¢] ra 
produces a shadow. which extends a little further to the left of th 


sternum and io various levels toward the neck. It lies nearer the 
anterior than the posterior wall of the thorax. (3) Aneurysm of the 
descending thoracic aorta casts a shadow to the left of the . 
and is in relation with the posterior wall of the thorax. 
The cases which have been referred to the author have often pre- 
sented the z-ray appearance of an abnormal opaque mass in the upper 
™ 
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median part of the chest, suggestive either of a mecliastinal tumor, 
tubercular or malienant, or of an Ancurysm. In one case the patient 
was a laree young man of apparently splendid physique. The rational 
symptoms and physical signs were suggestive either of tuberculosis or 
aneurysm, and the radiograph was regarded as probably, but not cer- 
tainly, indicating aneurysm. The patient died a few weeks later from 
a single sudden hemorrhage, which was regarded as positively arising 
from the rupture of an aneurysm. 

Many radiographs of tubercular cases show an area of opacity in the 
upper part of the chest continuous with the cardiac shadow and ex- 
tending to one side of the spinalshadow. One patient had all the symp- 
toms of pulmonary tuberculosis except hemoptysis and died a few 
months later of exhaustion. The condition of the rest of the lung 
will aid one in deciding whether such a shadow is cast by consolidated 
pulmonary tissue or by an aneurysm. 

Aneurysm of fhe fnnonnnate Artery.—Kassabian® reported : radio- 
graph showing an aneurysm of the innominate artery. The diagnosis 
was confirmed by a post-mortem examination. 

The various positions of thoracic aneurysm, as revealed by the z-ray, 
have been classified by Baetjer* as follows: 

(1) Aneurysm of the ascending portion of the aorta usually casts a 
shadow more to the right than to the left of the sternum above the heart, 
and by localization would be found to be nearer the anter ior than the 
posterior wall of the thorax. oe , 

(2) Aneurysm of the transverse arch casts a shadow slight ly to the 
left of the sternum, and this shadow extends well up into the neck, and 
by localization would be found nearer the anterior wall. 

~ (3) Ameurvem of the descending arch of the aorta casts a shadow 
to the left of the median line, and by localization is found rat her nearer 
the posterior than the anterior wall. 

In a case reported by Walsham* the symptoms were apparently 


iWien. Klin. Woch., March 8, 100. 

= Biull. Johns Hopkina Hoep.,, Jan., 1{635, 
iNew York Med. Jour,, Feb, 23, 1007, p. d79. 
‘Johns Hopkins Hospital Bulletin, 1206. 
‘Lancet, Nov. 4, 14M), 
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those of mediastinal tumor, but the z-ray enabled one to make the ear 
rect diagnosis of aneurysm. Radiographs taken at different tines 
showed marked variations in size which could not occur in a solid 
growth, . 

Guilleminot' has even attempted to radiograph the aorta at differ. 
ent phases of the cardiac cycle. | 

Transposition of the Heart.—This condition, suspected from the 
physical signs, is verified by the radiograph. We mav also be enabled tn 
cay whether it Is a congenital malformation, 45 In & case of the author 
or due to displacement by pleurisy and the like. 

Estimation of the Size of the Heart.—(1) This may he done by 
means of the orthodiagraph (Moritz), and a tracing made by the pencil 
while the operator carries the central ray around the outline of the heart. 

(2) Another method is by the author’s simple home-made apparatus, 
p. 91s. ; | 

(3) The orthodiagraph may be used to accomplish the same result of 
orthophotography (Lepper-Immelmann) by having a small diaphragm 
in front of the z-rav tube and carried with it. This diaphracm may be 
in the shape of a slit, adjustable so as to be perpendicular to the border 
of the heart at each part to which it is carried 

The author's simple method and Lepper-Immelmann’s method both 
accomplish the same result of making a photographie record of the 
eardiae area on 3 sensitized plate instead of a pencil tracing made by the 
operator, as in ordinary orthodiagraphy. The plate, in any case, should 
be mn contact with the patient, and the latter should not move or turn 
durmge the exposure. 

The Lepper-Immelmann method has the advanta ge over the author's 
that it enables the operator to guide the beam of x-ray by direct ob- 
servation of a fluorescent screen placed behind the photographic plate, 
instead of guessing at the area that ought to be covered by the moving 
ray of licht. 

The way mm which the photographic record of the boundary of the 
heart Is produced is explained in the paragraph on the author's ortho- 
radiograph, 

_ @ Simple radiography or fluoroscopy may be employed to measure 
the size of the heart. Fluoroscopy, with the tube at a distance of 2? 
meters (S0 mches) from the serecn which is Placed directly in contact 
with the patient, cives an approximation to the actual size which is 
close enough for every practical purpose. The room should be dark- 
ened for a few minutes before the examination is made. The screen 
should be fastened in position and have a sheet of lead elass over it 
to protect the operator. Tracing-paper covers the glass, and the opcra- 
tor traces the outline of the heart with a heavy graphite crayon (a 
packer’s marking pencil). ial 

_ A radiograph would have to be made at a shorter distance and due 
allowance made for magnification. 

a Toratiography, with the tube =) inches (2 meters) away, is ren- 

red practicable by the very powerful modern transformers. 
Effect of Cardiac Movements upon Rontgen Ray Measurements. 


te are Pai armail relatively Ht Hot tie = of aT oo . d 7 
. ; chil, AMVely, 3 » to interfere wit e afthod of 
exhininetion. fi h this methal o 


‘C. BR. Acad. des Sciences, oxxiy. LTT - 12 
a eS ences, Cry, LTT, Juke 17. 1st 
ey) . : a oe IE JaFuF 
Gillet, Fort. a. d. Gechiete d. Roentgen, vol. x No. 4, p. 240, Nov. 20. Loos. 
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Position of the Patis n.—Where the Breatest possphle 

pequired, as in making repeated examinations of + 
recumbent position is hest 

ool pegheatan is restful to the patient, who is compelled to hald still 
aoa = oars mensuration. Ot her mlvantaces noted thy 
Moritz’ are that the respiratory movements are nite ample face the 
heart acts more regularly: the diaphragm occupies a aediian sain 
not being displaced by the traction of the weirht of the liver or hy 
the intestines: the abdominal Wall is relaxed. — 

The size of the heart shadow is always smaller in the upright posi- 
tion, it also descends in front of the diaphragm, and 15 dragge t daw n 
by traction of the diaphragm upon the pericardium. an SS 

Sometimes the position is not important, Sj mple fluoroscopy 
with the tube at a distance of SO inches, is only practicabl 
patient in an erect: position. : 

The tube May be In front of Or behind the patient, with rl sliehi nref 
erence for the former position when the patient is erect as it vives a 
better view of the vertebre and ribs and hence more exactly 
the heart. j 

The tube should be under the patient’s back when the horizontal 
position = chosen for Huoroscopy. 

stveder’s Method for Orthoradiography of the Heart2—The patient Ijes 
face up on Moritz’s horizontal orthodiacraphie couch, the tube being 
underneath. A tracing of the outline of the heart and diaphragm 
is made upon a sheet of paper held in a horizontal position over the 
patient's chest; then, without changing the position of the patient or 
of the paper, a photographic film (Lumiere “Sigma” or a film made by 
the Berlin Aniline Co.) between two intensifying screens is slipped 
between the patient and the tracing paper. The iris diaphragm over 
uite ray tube ts cut down to an aperture of only 6 or 7 mullimeters, and 
the current is again turned on and the orthodiagraphie pencil is aeain 
slowly drawn over the t racing of the outline of the heart and (haphragm, 
The thin bundle of <-rays, always kept perpendicular to the plane of the 
photographic film, is carried around the outline of the heart and dia- 
parasm. It makes a continuous series of pictures of small portions 
of the cardiac border which unite to produce a single permanent 


CXACTNess ja 
i | 4 —_s ie 
‘ic same patient. the 


iver or hry 
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locates 


Image upon the plate. “The exposure required for the final tracings is 
thirty seconds. with the anticathode at a distance of 24 inches from the 
film, or twent ¥ seconds at a distance of 16 inches. The patient should 
hold his breath during the time that the hinal tracing ts bem made. 

A, longer time, one or two minutes, will be required if a photo 
Braphic plate is used instead of a film with intensifying screens. Only 
4 Small Part of the patient is 8X posed ab a time, so that there 1s no danger 
[rom overexposure, but it is impossible for the patient to hold his 
breath for such a length of time. The image is consequently less clearly 
defined than in the other Case, 

A thin st rip of heavy sheet lead is Placed slong the middle of the 
Patient’s sternum to indicate the median line in the image on the photo- 
fraphiec film. 

The Pulmonary Lymphatic Glands.—The condition of the pul- 
monary lymphatic glands may be studied by the x-ray, the best image 

_ Deutech. Arch. f. Klin. Med., S23, 1, 1005. 
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being obtained with the fluoroscope and with a very small diaphragn 
Searcely more than a Square inch of the wall of the chest nearest the tube 
is exposed to the z-ray, and the area visible in the fluoroseope is not 
more than 2 inches in diameter. Such a diaphragm may consist of 
couple of large sheets of lead, mounted in a frame which can be slid un 
and down very much like a window. The arrangement for maki t" 
the aperture larger or smaller may be as simple or as complicated as the 
manufacturer desires. The authors contact diaphragm (in contar+ 
with the <-Tray tube ) rlVes a larger field with equal definition. 

An arrangement which affords excellent protection for onerat 
and patient besides enabling one to shift the tube readily to any heje 


and change the size of the diaphragm at will is described hy Albers 
Schénberg.' The tube is enclosed in a lead box of ample size fastened 
on a pedestal, which is counterbalanced so that it can move freely 
from one height to another, and will remain in any position in which if 
is placed. The diaphragm is a rotating lead disk with a number of 
holes of different sizes. 

The arrangement employed by the author and shown in Fic. 503 is 
fully deseribed on p. 761. It has the advantage of being adapted to 
general radiography and radiotherapy, since the impervious tube box 
can be placed above or below the operating table and inclined at anv 
angle. It is a modification of Ripperger’s and Brickner’s stands. 

According to the post-mortem studies of Piery and Jack jues? a 
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careous condition of the glands indicates an old and safely healed tuber- 
culosis. Sclerotic spots make the condition of a healed pulmonary 
tuberculosis seem only probable, while cheesy dezeneration indicates an 
active process. 

A. case radiographed by the author showed lungs filled with opaque 
patches, indicating sclerosis of various groups of lymphatic elands. 


The case was that of a man about forty years old, with considerable 
emaciation and loss of strength, but without pulmonary symptoms. A 
physical examination by one of our best diagnosticians led to the 
report that the lungs presented the sions of old pleu ritic adhesions with 
probable tubereulosis. Another equally well-known physical ¢ 
iner was perfectly positive that the patient did not have tuberculosis. 
ze t-Tay findings caused the author to recommend a partial relaxation 
from busmess sufficient to provide for a certain amount of out-of-door 
exercise. ‘This has been followed by very creat improvement. 
, Calcareouz bronchial glands sometimes show more clearly on deep 
Inspiration than during expiration. E 
. Caleifed pulmonary glands contrast quite sharply with the surround- 
ing lung tissue, : 
= Abscess of the Lungs.—This is shown by the z-ray, no matter In 
What part it may be located. An abscess presents an area of opacity 
a5 compared with the translucency of the aérated tiseue of the lune. 
we outlines are clearly defined, and generally are more or less regularly 
circular in shape. : z r 
4 The condition from which abseess of the lur 
pe ale pre Sa SUES LDR: see =-Tay fi nielin gs in the latter 
Sea 57 gt lige ot m: tung at t le upper part of the chest with 
‘y Much greater than the normal density, an ares of almost total 
5 Lortsh. mi. a Geb. d. Roentren., vol. 
Revue de Med_, 1906, No. 6. 


if might require to be 
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opacity at the lower part of the chest, and a larger or smaller aren of un- 
satural translucency between these two. In the case of an abscess of 
the lung. on the other hand, the opaque area is usually surrounded 
by an area of approximately normal translucency. Je 
= Dy Pere refvete Diaqnasis of Pl Tratt! Thickening mn Efi USO ane Pf. 
monary Abscess.—Pleural thickening shows a less uniformly dense 
chadow than effusion. It is quite possible to diagnose a amall loculated 
effusion or empyema by means of the x-ray, which would require many 
exploratory punctures to locate. | f ke | 
An abseess-cavity when emptied sometimes becomes atul more evi- 
dent. with its thickened walls and unnatural central translucency. 

Empvema, whether loculated or not, presents 4 dense shadow, which 
enables one to distinguish it from resolving pneumonia with its less 
homogeneous shaclow. 

A case reported by Talley’ showed what appeared in the fluoroscopic 
and skiagraphie images to be an empty abscess in the upper part, and a 
filled cavity in the lower part of the right side of the chest. [he autopsy 
showed that the inference Was COrrect In revarcd to the erp ¥ CAVITY 


above. but that the supposed filled abscess-cavity below was in reality 
a bronchiectasis in which the bronchial tubes were filled with secretion. 

An interesting case is reported by Anders and Pfahler,? in which 
the development of a pulmonary abscess was observed radiographically. 
The first radiograph was made three days after the abscess had attained 
‘+< maximum size. It was made with the patient lying supine, with the 
plate undermeath, and after inspiration. It showed an incomplete 
consolidation of the right lower lobe, with an abseess-cavity about 2 
inches in diameter extending from the upper border of the filth rid, 
posteriorly, to the middle of the second intercostal space in the mid- 
scapular line. Four subsequent radiographs showed the gradual disap- 
pearance of consolidation, the reduction of the abseess to 4 cavity } inch 
itl diameter, and an elevation of the diaphragm to the level of the eighth 
rib. The latter was a natural process assisting in obliterating the ab- 
scess-cavity. 

Rieder reports cases of abscess of the lungs in which the ra liograph 
showed a cavity, in the bottom of which fluid could be seen, which pro- 
duced waves when the patient was shaken. He thinks it important 
in the sequele following pneumonia to make an z-ray examination, a8 
abscess of the lung seems to be commoner than has previously been sup- 
posed. 

Intrathoracic Tumers—Tumors of the lung, usually metastatic, 
show sharply defined dark areas, surrounded by the transparent pul- 
monary tissue. Enlarged bronchial glands must be of a quite consicler- 
able size in order to produce a shadow. Their shadows are sharply 
limited, and if they are produced by peribronchial glands will appear 
arranged in chains. ; 

Mediastinal tumors can be confused with aneurysms only when 
their borders are sharp and regularly curved. If the outlines are 
irregular and vague, ancurysms can he excluded? 

iJour. Am. Med. Aseoc., Sept. &, 1906. 

2New York Med. Jour., Aug. 4, 1906, p. 257. 

3Burdach and Mann, Fortech. Geb, d. Roentgen., vol. x, No. 1, July, 1900. 

so 





O30 WEDICAL ELECTRICITY AND RONTGEN RAYS 


X-RAY DIAGNOSIS OF EARLY PULMONARY TUBERCULOSIS 

Fluoroscopy .—tlive Important phenomens brie terete this eon ition 
(Walsham and (irton): (1) Dirmimished range of motion of the diaphragm 
on the affected side (Francis Wilhams). | 

(2) One or both apices fail to light up in the fluoroscopic Image on 
deep inspiration. 

(3) The diseased part of the hung casts a durk shadow, 

(4) The heart ts usually smaller and placed more vertically im the 
chest. 

(3) Any alterat 1071 in the shape of the chest an posit \ mot the rik iba 
may be better determined by the z-ray than by other methods. 

The frst sign is, perhaps, due to pleuritic adhesions and 3 
quently absent m recent cases. It 1s important if present, but its ab- 
eence does not exclude tuberculosis. 

The second sign is of very great diagnostic valuc. 
may even become darker during deep inspiration. 

The third sign 15 of great value. 

The fou rth sion is the subject of some doubt. BGouchard anc Balt 
hazar have found the heart smaller than normal m the first and second 
stages of tuberculosis and believe that this acts as a predisposing cause. 
They find that the heart eenerally becomes enlarged in the third stage of 
pulmonary tuberculosis by ih compensatory hypertrophy, che tO the 
. ecreased resistance in the pulmonary circulation. lt 1s interestiny 
note im this connect ton that the heart has heen rep ted to be larger 
normal in cases of healed tuberculosis. 

The fifth sign is of value. | te > 

Other Fluoroscopic Signs of Early Tuberculosis.—The condition of the 
bronchial glands may be shied with the fiuoroscope and 1s especially 
easy to determine with a very small diaphragm. 

* “he Costal Angle and the Functional Angle.—The measurement 0! 
the costal angle is important. Measurement of the costal ane * 
made by noting the obliquity of one of the ribs at the moment of Inspira- 
tion or expiration. Thef unctional angle is the difference between these 
two deprees of obliquity. | 

Radiography.—A radiograph will show the differences m censit) 
of parts of the lung, the difference - the size of the heart, and the 
changes in the position of the ribs alluded to above. 

The usual position is lying down, with the plate under the back anc 
the tube over the chest and in the median line. No diaphragm mee 
ordinarily be used, but 1 may be required for an extremely accurate 
radiograph, especially of the apices of the lungs. 

Radiographic Findings i Tuberculosis of the Aper of the Lungs.— 
These have been made the subject of st udy by a great mam} observers. 
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Adam, in connection with Albers Schonberg.’ has made use of the con- 
pression diaphragm, ¢xamiming 7() cases, and believes that this mete 
Fives better results than any other. (It requires a certain definite pos 


tion to obtain the image of the apex of the lung free from the bone 
shadows.) 


It seems to be impossible to get the shadow of the apex of the 
hing entirely free from the shadows of the bones, but a position in whic! 
the plate is behind the neck with the tube in front in the median Hh 


ives an image which is crossed by the shadows of the first and secon’ 


1 Fortech. d. Geb. Roentgan., vol. x, No. 4d, October, 1000, 
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nbs, but the opacity of the apex of the lung shows through the shadowa 
of these ribs as well as through the intercostal space, The method 14 to 
have the paticnt lie on his back upon « wedge-shaped cushion, whose 
upper surface makes an angle of about 24 degrees with the horizontal 
line. The upper extremity of the cushion terminates at the level of 
the shoulders and the head can be bent backward over it. The plate 1s 
placed behind the nape of the neck. A compression cylinder, with a 
13-cm. diaphragm, 15 50 placed that the rays pass in an oblique direc- 
tion from in front upward and backward, covering an area extending 
from the lower part of the larynx to the junction of the manubrium 
and the body of the sternum, Sometimes the second, third, and part 
of the fourth intercostal space can he shown in such a pleture, A 
Ti lerately low decree of Vacuum is used, and the Lumiere Sigma plates 
are recommended, with an CxXPOsure of ten to fifteen seconds. The 
patient should hold his breath during the exposure, which 1s preferably 
at the moment of deepest mspiration. 

The normal lung shows shadow lines upon the plate which are 
nearly at right angles with the shadows of the ribs, and which are due 
to the bronchi and their accompanying blood-vessels. If these shadows 
are mal clearly visible im a roc picture it 15 an indication of trouble. 
Such plates are apt to be unsuccessful with patients who have short fat 
necks, and aloo Ln cases of kyphosis or scoliosis. 

One of their characteristic plates showed a cloudy shadowing of the 
whole second right intercostal space, with dark and bright spaces. 
The third and fourth mtercostal spaces In the same case were flecked 
with cloudy areas. The bony shadows of the mbs and clavicle were 
altogether deeper than on the left side and somewhat spotted. On 
the left side there were circumscribed spots in the second mtercostal 
space. 

More or less diffuse areas of cloudiness were found in all cases where 
the physical examination gave evidence of distinct dullness. Cir- 
eumecnbed spattings were foun in Coles whene the physical cxamina- 
tion revealed only eatarrhal symptoms, hut not in all of these. 

Another case showed decided spottimg in the second and third inter- 
costal spaces, though with very little interference with the general trans- 
mission of the z-ray throuch both apices. This, combimed with the 


physical signs, indicated a catarrhal infiltration on the left side, while on 
the right side catarrhal rales were heard without any indication on the 
plate. 

Still a third charactenstic plate showed two very dense and sharply 
defined shadows, about twice the size of a pinhead. ‘The contrast ba 
tween the right and left. second intercostal spaces was sharply marked. 
In the third, fourth, and part of the fifth intercostal space there Was a 
difference in the general brightness of the two sides, but here, where 
so much thickness of lung tissue has to be penetrated, the judgment 
as to whether the appearance is pathologic or not is much more difficult 
than at the apex. The general effect upon the fluoroscopic screen was 
that the left Apex Was smaller and more dense. 

The plate showed a spotted cloudiness in the second left intercostal 
space, an evidence of some thickening, which, however, Was not ex- 
tensive enough to make a difference in the percussion note. The two 
ae sharp shadows were supposed to indicate calcification in a caseous 
Loris, 
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The fourth characteristic plate showed diffuse spotting of th 
second, third, and fourth “nitercostal spaces, which was also visible upor 
the shadows of the elavicle and of the third rib. ‘The upper border of t! 
clavicle did not seem eharp. This lsst feature, of course, was only of 
value when the patient had held his breath during the exposure. Wit! 
the fluoroscope the apex appeared cloudy, while thickening was visibl: 
on the lower part of the night hung. This plate showed that the infiltra- 
tion €x tended much lower than the percussion note would have indicate. 
It also shows that mcrease in pulmonary density is visible even through 
the mbes. 

The following conclusions are drawn from the 70 cases which Albers 
Schonberg and Adam examined in this way: 

An acute catarrh does not give any Rénteenographic evidence, 
hut thickening of the hung tissue can be discovere ! by the z-ray before 
it is extensive enough to produce a change in the percussion note. 
Consequently, an z-Tay examination is desirable ior 


g2e3 In Which thi 


disease has progressed for some time in the form of « hronic infiltrative 
rocesses of both apices without catarrhal symptoms." 
Shurly states that the z-ray qlemonstrates the fact that pulmonary 
tuberculosis may progress to the formation of small cavities before 
ordinary skill m percussion and auscultation will detect it, and also 


that an x-ray examination at the time of the earliest hemoptys 
fever will often show much more extensive lesions than are indicated 
the physical signs. The author's own cases corroborate this stat 
ment. 

Bonney’s book on pulmonary tuberculosis contains excellent radi 
eraphs ‘llustrating different stages of tuberculosis. 

Pfahler’s excellent radiographs of cases of pulmonary tt berculosi= 
Wlustrate the different conditions revealed by the x-ray in this disease. 

A patient of the author's had been perfectly well up to three 
months prev LOUSY, when she had a severe eold. This was followed by 


another, and since that time she had rapidly lost flesh and strength 
and had frequent hemoptyses. A radiograph taken with the author = 
radiating cellular diaphragm showed the entire mght upper lobe 
clearly outlined and denser than anv other part of either lung. 

Radiographic and Fluerascopic Findings tn Adranced Pulmonary 
Tuberculosis.—Consolidation is evidenced by a dark shadow. 

Cavities are seen as very transparent, circumscribed areas, =uh 
rounded by a zone of opacity representing their thickened walls. 

_ Pleuntic adhesions are evidenced by diminished movement of the 
diaphragm. Pleuritic thickening 15 shown bv a slight shadow, usual’ 
without distinct borders, and pleuritic effusion or empyema is shown by 
a deep, clearly defined shadow. j 

Pneumothorax shows & large arena of unnatural transparcoec' anil 4 
small area of unnaturally opaque lung. 

| Pyopneumothorax is Similar in radiogra phic ADPearince, but wit h th 

addition of a clearly defined area of dense shadow at the most dependet! 
part, and this may show wave-motion when the patient ts shaken 

Caleified foci in the lung tissue or im the bronchial glands show 3 
yery opaque spots. 

: » Arm. Abed. 3 oo tie Dh, DSM. 
2A4rch. Physiol. Therapy, Sept., 1005. 
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The normal outline of the pulmonary vessels may be obscured. 

There may be unnatural chains of opacity through the lung indicat- 
ing deposits in the bronchial erlramels or im the walls of the bronchi. 

All these changes are much more readily appreciable when the plate 
is examined by transmitted light in a negative examining box than they 
are in a print made from the plate. 

Radiographic Appearances tn Healed Pulmonary Tuberculosis.—Von 
Jakech' has radiographed 5 such cases. One showed a pathologic 
shadow in the upper part of the right lung amd the left apex was not 
perfect. There was also a shadow on the nght side, close to the spinal 
column, extending down to the diaphragm. 

In another case the radiograph showed that more or less of the left 
lung took no active part In respiration. AE 2 

Another case showed extensive calcification in the upper lobe of the 
right lung. earn : 

~ Another case showed evidence of the consolidation of both apices. 

Another case. showed calcification m the Upper lobe of the leit lung 
very clearly. 

"All these cases had all the regular symptoms of pulmonary tuber- 
culosis, including the presence of tubercle bacilli, ann had all recovered 
from the disease without the use of tuberculin, aided only by suitable 
diet. etc. At the time of the r-ray examinations they seemed periectly 
well and the Sputum contained no tubercle bacilli. 


RADIOGRAPHY OF THE THORAX IN PNEUMONIA 


This will enable us to recopnize areas of consolidat ion even m the 
central portions of the lung, which are difficult to determime by ordinary 
means of physical diagnosis. It is valuable, both at an early stage if the 
diagnosis of pneumonia is im doubt, and also at a later stage to determine 
whether complete resolution has taken place. The therapeutic value 
of the x-ray in the treatment of delayed resolution after pneumonia ap- 
pears to be yerv well established. é : i 3 ee 

Radiographs and fluoroscopic examinations show that consolidation 
begins at the middle of the affected lobe and extends tO 10s periphery. 
Consolidation shows as increased density, anc 13 recognizable by Tesans 
of the x-ray before it can be diagnosed by the physical signs or by the 
sputum. en; : ee eg. 

This examination shows the presence of centr al pneu monta, consolida- 
tion which never reaches the surface, and which is difficult or impossible 

to diacnose without the z-ray. 5 ipo 
Rieder? reports in full the histories of 20 cases of pneumonia, for 
lowed throughout their course by a series of radiographs. He uses & 
medium-soft tube and a diaphragm large enough to take in both lungs. 
This is about the size of the largest orifice of the Friedlander shield. 
The thickness of the body to be traversed makes it desirable to cut 
down the inevitable development of secondary rays to the dela eli 
ble quantity. A diaphragm aids in this by eliminating many 0! the 
secondary rays starting from the walls of the tube. | | 
Rieder makes a drawing with a grease crayon on a sheet of glass 
covering the surface of the Huorescent screen and subsequently transters 
this to paper. 
1 Fortech. Geb. d. Roentgen., vol. x, No. 3, October, P06. 
?Minch. Med. Woch., Nos. 26-30, 1906. 
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An increase in the size of an ares of consolidation can be disco. 
ATL InCresase | | preaie i . hol [Increase in Am ante 
| : an hy any other method. LCreRes A aa An 
» the z-ray earlier than by any ote [a Se ae 
if ; ‘or direction does not show in an ordinary anteropostertor ra 
Sank and a lateral radiograph 1s usually 2S Luar Mieder reco 
CEP Oe ae a hy in this cas The different stages of con- 
3 ee acdiogral Im this cise. ra7 
mends stereoraciography | losely followed by the x-ra 
. -_ a “anne he closely L vee » | i a-Ia 
enlidation and resolution Sy * Tees oe So ee a 
While there is usually considerable reduction rs the td Sab wale 
the crisis there ic often a faint shadow to be seen long after all 
nhvsical signs have disappeared. ‘eee . 2 
P psi pleurisy a5 fi sequels to pneumonia tS evidenced by restrietcs 
movement of the diaphragm, and pleurisy with effusion b; : 
shadow. 7. oo 
Bronchopmeu monia May be easy or dificult to recognize, according to 
the size of the areas of consoldation. 


BRONCHIECTASIS 
This condition may sometimes be diagnosed on account of light area 
in the radiograph of the lung. The best time to pase the win intake Pe 
directly after a profuse expectoration. An Interesting case im wh 
this condition of bronchial dilatation was recognized by the z-ray 
reported by Pfeiffer.’ The z-ray revealed also the presence of a drain- 
age-tube lost in the pleural cavity after an operation for empyems. 


— 


Bronchiectasis may be mistaken for abseess of the lung, as the 
radiographic appearances are similar. 


FOREIGN BODIES IN THE LUNG 

Bullets are very easily located in any part of the chest. This ad 
be done by means of two radiographs, one anteroposterior anu the oth 
lateral, or the localization may be made by the MeKenzie-Davids n 
method. Among the mteresting cases of other foreign boules toraten 
im the hung is one of a knife blade broken off in the lung three month: 
before the z-ray examination was made. Meanwhile, symptor 
similar to those of advanced consumption had set in. The knife blac 
was removed without much difieulty after resecting 1 Inch of an ovel 
lapping mb. The case was reported by Baldwin= 

Another interesting case is reported by Russell.2. The patient war 
boy, twelve years old, who had swallowed a large black-headed pin 
five weeks previously. A week or two later there was cough with bloou- 
stained sputum. 
in the left lung with its pomt upward. The foreign body was remo’ 
through an imecision Rese is into the lune. The case is exceptional. oF 
rae foreien bodies almost invariably enter the richt bronchus mete 
of the left, as m this case. : 


Fragments of a peanut shell, inhaled, did not show in one 0! 
authors cases. 


tl : - a = a z al | P .* g j “i 1 ' 
Fluoroscopic examination showed the pin to bt ¢} 


THE LUNG REFLEX 
Thao se = rE : 2 ee tony = , ; Tk I 
_ _Yhis is a symptom which has been deseribed bv Abrams. In ' z 
Ht i a dilatation of the lung in consequence of a cutaneous stimuli 
It is said not to involve both lings. or even an entire lung, and 5 


prends> 
pre 


| Beitrage Eur. Klin. Chir., vol. L No. 1, 1006. 
* Annals of Surgery, March, 1443. 

* Lancet, Sept. 0, 1605. | 

‘New York Med. Journal, Jan. 1, toe, 
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from a source of cutaneous irritation involvin 
then, if the LITA on ic ary Te enouch. 


& pmmarily certain spots, 
| 3 more remote 
volved. It can be excited in lungs showing 


parts may he in- 
| diminished resonanee, the 
resOnince being always Increased by rubbing the skin over the long 
percussed. It 15 used as a test of the resiliency of the OUlMOnArS uc- 
ture. In the x ray e€Xamination normal lungs present tt uniformly 
light area, which appears brighter during inspiration than expiration. 
The increased translucency due to reflex lung dilatation may be observed 
with the fluoroscope. It lasts for about two and a half minutes [t is 
used im the differential diagnosis of lung dulness due to consolidation or 
to atelectasis. If the dulness ts due to atelectasis, as in some cases of 
bronchial pneumonia, cutaneous stimulation by vigorous friction or the 
use of cold water produces this increased translucency to the z-ray 
by expansion of the air-vesicles. It does not take place in consolidation. 


* SUrUc= 


RADIOSCOPY OF THE ESOPHAGUS 
This subject has been discussed on p. 911. 


RADIOGRAPHY OF THE SPINE 

This will aid in the diagnosis of Pott's disease if the radiograph 
shows the presence of an abscess and erosion of the body of a vertebra. 
This examination in the lumbar region presents the same difficulties 
and requires the same technic as for renal caleul. It 1s less diffievlt 
in the upper dorsal and cervical region. For all these parts of the spme 
the patient lies supine on the plate, while the tube is over the median 
line in front at the appropriate level. The use of a compression cylinder 
for the lumbar vertebrz reduces the size of the picture, but increases its 
clearness. The lower dorsal region, where the spine hes behind the 
heart and liver, presents difficulties which may be partly overcome 
by taking an oblique picture with the tube in front and to the nght 
and the plate behinel and to the left. The patient must hold his breath 
during the exposure, which, therefore, chould not last much more than 
thirty seconds. ‘ 

Radiography of the Entire Length of the Spinal Column.— 
This may be done, as in one of the author's cases, upon a glass plate 
94 inches in length, or upon a celluloid film, for instance, the Lumiere 
Sigma film. the same size, or upon hontgen paper, made by the Neue 
Photoerafische Gesellschaft, Berlin-Stieglitz, whose agents m -\menca 
are the Rotograph Company cr New York. This Daa peer is alaut AS 
rapid a5 an F-ray plate anal 1s much MGre CCoOmMonmiic. : rs + 

The patient should lie flat upon his back upon the table. with en 
tube over the lower end of the sternum and the anticathode 2o Inches 
from the plate. An intensity of ;'; Tousey, produced by an telioedaere 
ool with a primary eurrent of 1S AI PCreS, Ht penetration of oe shing 
and an exposure of fifty asconds, would be suitable lor a a he a 
about 90 pounds. A larger person or 4 lies powerful raid Lance _ Si : 
require a longer exposure. A transformer, with th secondary A mae Et 
of 50 ma. and an intensity of 4 lousey, requires an expose - e - ee 
ive seconds. ‘Dhe portion of the SPRUE Le covered by the liver ae 
seen only very faintly, but it is possible to trace the general line of 
ee rhe aut hors contact diaphragm makes it possible to ages Rood 

definition in a picture of this size. It cuts out the secondary mys 
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arising from the greater part of the z-ray tube while permit 
ravs.to radiate through a wide angle, and this causes jy; 
and contrast in the rachograph. 

The difficulty in spinal rachography does not consist ehjofy Br ee Sr 
ficient x-ray reaching the plate, but in a lack of contrast ang dates % 
due to secondary rays origmating in the thick mass of tis, ei 
This is remedied by the use of a diaphragm cutting off the coo, rites 
rays arising from the z-ray tube, which increases the contrast Pie 
detail in spinal radiographs to a wonderful extent To 

Radiography in Scoliosis.—An interesting observation has } 
made by Boehm! in regard to the etiology of this lateral curvat, 
spine. Anatomie study shows that it is frequently 
numeric asymmetries of the spime, so that a vertebra has a n char 
acter on one side, while presenting on the other side the characteristic 
of a vertebra cither hicher or lower in the spinal column. An examp): 
of this is afforded in the case of a cervical nb and also in case of at, 
sacral wings. These numeric anomalies occur at the cervicodorsa 
dorsolumbar, orlumbogacral junctions. Koehm found them present in 
17 out of 20 cases examined with the z-ray. Especial care is necessar 
to detect these conditions. He explains the fact that scoliosis does not 
appear until puberty on the ground that all the vertebra are of practi 
eally the same type until that time. 

Typhoid Spine.—McRae* reports a case in which the x-ray reve: 
definite changes in the vertebre. Dunlop’ thinks that many cases 
supposed typhoid spine are’ In reality cases of relaxat lon At the Sacro 
ihac articulation. The z-ray may enable one to differentiate between 
these two conditions. ey Ae en 

The changes reported by McRae in a patient suffering Irom typhoid 
spine were actual bony lesions of the Spinal column itself. ‘The z-ray 
plate showed the presence of newly formed bone. He says that not a 
eases of typhoid spine present such organic lesions, and some of them a 
possibly functional.* ae | 

Spondylitis Deformans.—This is a disease sometimes of tuberch’ 
origin, and sometimes accompanying sy ringomyvelis or other conditions. 
The intervertebral cartilages become ossified, and this condition may 
be revealed by a radiograph. The remaining lesions percep! ible ©} ha 
I-Tay are the rigidity of the spine, In fi position either of ot straint 
“poker-back ”’ or of kyphosis, ancl possibly =O Of the bony de] Sooke 
around all the articular parts of the vertebre and mbs. Le Breton’ 
reports cases in which the z-ray was useful in making a differentia’ 
diagnosis. In a case of my own the ankylosis was In the cervical spine 
and it was difficult to secure a favorable position of the z-ray tube anu 

plate. - iSsre 
Bullet Lodged in the Spinal Canal.—An imteresting case, in ™ case 
a bullet passed through the spleen, stomach, vertebne, and spinal pik ff 
where it was located by the z-ray and removed, 1s reported by Pegram. 
The patient recovered. 

1 Am. Orthoped. Assoc. Annual Mecting, Aug. 2, 1906: Jour. Am. Med. A=o°- 
Sept. 6, 1906, p. S01. aa pecans 
? Annual Meeting, Aseor. of Amer. Physicians, 1906. 
iN. ¥. Med. Jour., Dec. 5, 1906. 

‘Ibid., May 26, 1906, p. 1106. 
® Tbid., March 16, 1907. 
* Med. Progress, Jan., 1007. 
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THE ABDOMEN AND PELVIS 


. A conventerit [yh thewl ce TiO roSeo py Te tir hate the 
with hrs back toward : ) 


medium degree (i 


| patient stand 
he tube Amel with the Huoroscope in front \ 
. . Vacuum (resistance, 24 inches, radiometer. No. 5 
Benoit) ani a PrOAryY current of ahout 10 bin pCres intensity No. Le 
Tousey are employed, the anticathode being 3 


suriace of the body, 


A, about 15 inches from the 
: lhe size and mobility of the liver and arlene 
be noted at a glance, and so can the presence of 


any large dense mass 


like an appendicular abscess or hydronephrosis, Generally speak rie 
however, pathologic conditions in this part of the body require a radin. 
graph and the fluoroscope may be dispensed with, or if used it had better 
be for a very short time. cs 
: Radiography of Biliary Calculli. —Radiography is of value in the 
diagnosis uh gall-stones, but this is one of the most. cifficult conditions 
m which itisused. The plate, with a sheet of z-ray metal under it and a 
sheet of blotting-paper over it, should be Isid upon a table, and the 
patient may he face down upon it. A plate measuring about 10% 19 
mches should be used, and this is placed so that its center is at the free 
border of the nbs and 3 inches to the rgeht of the median line. The 
tube 1s placed vertically above the center of the plate, the distance 
from the anticathode to the skin being 13 inches or more. The vacuum 
should be medium, resistance 3 inches, and radiometer No. 7 Benoist. 
the exposure two minutes with 10 or 12 amperes, intensity ~, Tousey. 
or one minute with 15 amperes, intensity 1; Tousey. Much shorter 
exposures are practicable with apparatus employing a primary current 
of 30 to 40 amperes, and a transformer makes exposures of one to seven 
seconds practicable. The difficulty is that most biliary calculi present 
very little resistance to the passage of the z-ray and show no contrast 
with the surrounding tissues. The stomach and intestines should be 
empty. By this method the anterior extremities of the mbs are shown 
more clearly than any other bony structures, but by the dorsal method 
the vertebra and posterior extremities of the ribs ought also to show very 
well. : 
Gall-stones present a resistance to the passage of the z-ray that ts 
very slightly different from that of the abdominal tissues. A gall-stone, 
2 inch in diameter, held in the closed hand, can be traced in a radio- 
graph, but with difficulty, not at all like a bullet or piece al Blass. 
Nevertheless, a mass of gall-stones in the gall-bladder sensaee ht = 
shadow, though not So dlense a5 4 solic LuMmor Or AMY other aon as 
would present, if Surri winced to Some extent by the Sransiucent gant ee 
contents of the intestines. This shadow thins out at the cues ss pte 
z-ray passes through only a small thickness of calculus derueeabae ih 
outlines may be very vague indeed. ‘The central portion of sans meat 
due to the thickest portion of the mass, may be moderately ie = FF 
etill the licht and shadows of this part ol the abdomen may ‘ gu : 
or normal shadows may simulate this, A plate like this at ea r elit 
development, and tiifling inequalhties im the nysihebgeaiant Ane Li 
may produce an apparent shadow where one does pag Se yee fe 
Imperfections in the plate present the appearance rere tare 
sre often of increased transparency. Misinterpretation 0 2 
copie Ng avon bY using two plates, one under the other, A spe 
eich shows on both plates is presumably due to conditions in the 
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bacly of the patient, and a spot which shows on only one of the plates 
is presumably due to an imperfection in that particular plate ‘me a, 
A rather large shadow, with vague outlines in the pall bladder 
may be stated to be compatible with the existence of 
Stones. It Is always extremely difficult ric att hi posit ively that rnoil- 
SS exist. Some cases, like one diagnosed by the author p 063 
present chnical symptoms suggestive of gall-stones, but if the radia’ 
graphic shadow 1s as dense at the periphery as at the center. and if the 
borders are sharply defined. 1 mav be stated that it 15 not cue to erate 
of gall-stones. In the case referred to the mass was due to TES tie 
nephrosis. ; 
The most that the radiographer ought to say is that the radiograph 
is or is not the kind of one that would be produced by rall-stones, 
In making the radiograph the plate may be placed upon the table 
and the patient he upon it, either supine, with the plate over the middle 
of the abdomen at a considerable distance, at least 22 inches from the 
plate, or prone, with the tube over the back, at a distance of at least 22 
inches from the plate. 
The supine posifion gives a better Image of the spine, but the gall- 
bladder 12 as far as possible from the plate, and its image is, therefore, 


refien, 


A mass of pall. 


magnified and incdistimet. Any kind of compression 1s helpful in this 
regard. A thin rubber bladder made for the air-container in a foot-ball 
may be about half filled with air and placed over the gall-bladder 


— a 


region. It may be pressed down bv bandages passed over the abdomen 


and pulled tight to each side of the table, or the rubber air-bag may be 
compressed by the author's board compressor. The board compressor 
alone 1s not very useful for these cases, because the portion to be com- 
pressed 1s close to the mbs. 

Albers Schonberg’s compression-cvlinder may be used for the same 
purpose. It sives a clear image of the spime, and as clear an image 
of the gall-bladder Pi os either of the other Means of compress hel, but it 
gives only a small picture, not over 8 inches in diameter. 

In the prone postfion, with the tube over the back, the element of 
compression may be obtamed by laving ain So 10-inch plate upon 4 
book or piece of wood the same size and putting it under the abdomen, 
or the rubber sir-bag may be placed on top of the plate and under 
the abdomen, but this has the disacd> ‘antace of keeping the part to 
be radiographed away from the plate. This offsets the advantage 
gained by reducing the thickness of tissue to be traversed by the x-ray. 
The board compressor (Fie. 677) is useful to immobilize the patient. 


and produces compression in a corpulent person to effect a reduction 
of an inch or more in the thickness of tissue. The compression cylin- 
der accomplishes the same result as the board compressor, with thé 
added clearness resulting from cutting off the secondary rays, but wit! 
the dizatlvantace that the picture is a small one. : ; 

_ Geck' suggests that the patient lic face down upon the plate, with # 
pillow under the symphvsis pubis amd another under the Siermium 0 
allow of protrusion of the gall-bladder region. He has the patient 
somewhat on his right side and has the z-ray tube still further to 1 
right, so that the rays make an angle of 45 degrees with the plate. 

; A radiograph of a case of suspected bihary calculi may be mac 
simply of the gall-bladder region, and then a compression-cylinder © 

*N. ¥. Med. Journal, Jan. 20, 1900. 
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oa similar apparatus, like a protective shield, may be used to lint 
the rays a) this particular mart and eyt off the secondary ae The 
radiograph will be a small one with excellent detail, which il atiawer 
the question 23 to the condition of the fall-blacder, bit ii cis er 
take in the other kidney, the ureters, and bladder which are sft 
under SLSpicion in these Cases. i Ad vil Colter 
A radiograph upon a 14X 17-inch plate takes in all of these reciqns 
and it 1s possible to get excellent detail upon it. cst ian etme? 
Radiographs which seemed to show the presence of gall-stones sy] 
quently removed by operation have been published by Beck pee ers 
Two Cases Examined for Suspected hiftary Caleull. The radic- 
graphic findings in these 2 cases are instructive, Kach patient brought 
t PL rb 


ae ‘| 
= = , 1 % * 


r biliary coalewls A disphragm zhould be used, preferal yr che 


Fiz. 670.—R Miography kf 
suthor’s cantact diaphragm with a 2-inch orifice: 


tome by Dr. Beaman Douglas, had a palpable swelling in the region 


Of the gall-bladder and had pain and other symptoms suggestive of 
rall-stonmes. 
The Author's Report on the Two Madvographs Made of the First (ase. 
The first picture showed «a varue area of OpaAcihy, extending down 
from the liver region on the ryght side of the spine, which corresponded 
and appearance with the shadow that a collection of gall- 


if position 


: -_ lla lal aati 
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=-ray which differs so little from that of the flesh that they do not show 
as sharply defined areas in a radiograph. “an sti cay 
“The first picture showed certain perfectly defined masses in the 
region of the lumbopelvie articulation. Their absence in the seeond 
picture, taken with the stomach and intestines entirely empt hittin 
that they were fecal in nature. 7 ees aN 
“The second picture showed the same vaguely defined shadow below 
the liver region, obscuring the image of the ribs on that side 
those on the other side are quite plainly visible. : 
“The conclusions to be drawn from these t WO pictures are, in the 
first place, that there 15 no renal, ureteral, or vesical caloulus present 
and, in the second place, the picture exactly corresponds to that which 
would be found in a patient with a collection of gall-stones and withaunt 
any great amount of fluid m the gall-bladder. It cannot he sta ter] 
positively that gall-stones are present, but 1t seems probable.” 
A collection of gall-stones were found when the operation was 
performed. dla | ; 
The Author's Report on the Tio Radiographs Made of the Seeand 
Patien!—To avoid repetition the reader is referred to p. 963. on which 
this report is to be found. The radiograph showed that the case was 
not one of gall-stones, but probably of encysted fluid. An operation 
showed the correctness of this mterpretation; the fluid beine due to 
hydronephrosis. 
Hepatic Abscess.—A case in which this disease simulated pulmon- 
ary tuberculosis and in which the z-ray revealed the true condition is 
reported by Quadrone.* 


while 


THE STOMACH AND INTESTINES 
In all radiographs through the abdomen and pelvis the bowels 
should be thoroughly emptied and no solid food or milk; which forms 
opaque coagula, should be taken for twelve hours previously. In 
many radiographs the course of the colon and different other parts of 
the intestines mav be recognized, the air-filled portions being more trans- 
parent than the rest. . 

The best position is with the patient standing with the z-ray tube 
behind at the level of the umbilicus and with the plate in front. 

The size, shape, and position of the stomach may be determined by 
making a radiograph with an emulsion of bismuth, oxychlorid or sub- 
carbonate, or of barium sulphate (specially purified for radiology), Or 
of black oxid of iron, which is less satisfactory, or of zirconium oxi! 
(“Contrastin.”” introduced by Kaestler).” It requires two to four times 
the doze of bismuth im the stomach. This can be introduced into the 
stomach and subsequently withdrawn through a tube, and is quite 
harmless even if swallowed in the ordinary way. The radiograph 
may be made with the patient lving either face down upon the plate or 
face up, or with the patient standing and the plate in front. The tube 
should be of medium vacuum, resistance 23 inches, radiometer No. 5 or 6 
Benoist, anticathode 10 to 15 inches from the surface of the body. The 
thicker the patient, the further the tube should be from the surface of the 
body. Exposure should always be made as short as possible by the use 
of the best intensifying screen, This is to prevent danger to the patient 

(razz. d Ospedal e. d. Cliniche, Nov. 27, 1904. 
? Minch. med. Woch., 1900, No. 50. 
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Adopting a suggestion of Lewin,’ the author has employed black 
Iron axid without any Inconvenience to his patients, but the results 
are not so good as with bismuth. Che metallic powder is mixed with 
mashed potato. | Aue it 

Gastric Findings with the Rontgen Ray.—An increase in the vertical 
length of the stomach 1s seen in cases of gastroptosis and enteroptosis, 
and anything which causes a loss of the fatty layer in the abdomen; 


a 
: = 
— 
% ‘ 
. » ll ‘“ 
7 =, q e o " _— ’ fe : 
— = =a , = —_— =" 2 ; = < ir 


Fig. 67 1.—Marked angulation of transverse colon with narrowness of deace nding colen 


thus it may be seen after the Weir Mitchell treatment: and the stomach 
may show increased motility on change of posture or pressure. 
Dilatation of the stomach occurs chiefly in pyloric obstruction by 
cancer oF by adhesion following perforating ulcers of the pylorus of 
duodenum (Fig. 671). The outline of the stomach with its bismuth mea! 
' MlGnch. med. Woch., March 30, 1909, p, tied. 
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a case referred to the author by Dr. Robert C. Kemp fully half of the 

meal was found in the stomach six and eight hours later. The stomach 
was large and extended vertically downward on the left side. At the 
operation there were found perforated ulcers of the pylorus and duo- 
denum, with adhesions to the pancreas, colon, and every neighboring 
tissue. ‘Twelve hours, and even twenty-four hours, retention occur in 
the worst cases of pyloric or duodenal stenosis. | 

Schlesinger’s' intermediate layer shows as a hori inital band between 
the shadow of the bismuth meal and that of the magen-blase. It ix 
supposed to vary in width and quickness of formation with the amount 
of acidity. It would be prominent in ulcer and abeent mcancer. It is 
prominent 1m catarrhal gastritis. ate | 4 * : 

Gastric Ulcer (x-Ray Diagnosis).—A case of hypersecretion examined 
for Dr. Kemp had had sick headaches from the time he was seven years 
old. and there had been regurgitation Ol bile and pasiric juice possibly 
containing pancreatic juice. This condition had been only temporaril; 
relieved by an operation upon the gall-bladder. [he patient would go 
to bed after having the stomach emptied by a stomach-t ube, and on 
aspiration the following morning, before taking any lood or drink, the 
stomach would be found to contain a pint or more of gast ric Juice Contain- 
ing neither visible or occult blood. The fluoroscope, after a bismuth 
meal. showed that the stomach was in a vertical position, large and flac- 
cid and with sluggish peristalsis. A radiograph made three and one-hali 

hours later showed an irregular spot of bismuth adherent to the wall of 
the stomach near the cardiac orifice. The rest of the bismuth was in 
the last part of the small intestine and in the ascending colon. A diagno- 
sis of ulcer of the stomach was followed by appropriate treatment and 
cure. : ~ 
Difference in Appearance Between Ulcer and Cancer of the Stomach.— 
The niche symptom (Nischensymptom in German) ts characteristic of 
perforating ulcer and may occur in any ulcer. It means that a radio- 
graph taken shortly after a bismuth meal shows a certain spot of great 
density where the bismuth extends into a cavity, and there is often a 
large magen-blase and a marked intermediate laver. If the ulcer is a! 
either curvature, the shadow may project beyond the general outline. 

Cancer, on the other hand, cuts out a portion of the bismuth shadow 
of the stomach and is often failing in an intermediate layer. 

M. Haudek? notes the following differential points between gastric 
ulcer and cancer: Ulcer is apt to cause pyloric spasm and retard empty- 
ing of the stomach; the outline of the stomach shadow is smooth; can- 
cer at an early stage causes gaping of the pylorus, and later may produce 
stenosis with greatly prolonged retention of the bismuth meal in the 
stomach: cancer produces a jagged outline of the shadow. 

Possiiility of Resection of Gastric Carcinoma Indicated by the Rado- 
graph.—The more favorable cases are those in which the fish-hook out- 
line of the lesser curvature and pylorus are retained. : 

Radiography in Intestinal Obstruction.—Just as in the case ol 
stricture of the esophagus a bolus of metallic emulsion will show in 
a radiograph of the abdomen, and its position a certain number of 
hours or days after its ingestion will indicate the site of an intestinal! 


f Schlesinger, rune A ehlita Leber immune dea \lageninhaltes mittela dew Hontgen- 
verfahrens. Vercinshericht, Med, Klinik, 1911, 8. 950. 


‘Wein. klin. Woch., January 11, 1912, xxv, 2, p. 67. 
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In a case reported by Eimhorn' 30 gr. 

pint of milk were swallowed. The radiograph. 
twenty-four hours later, showed a dense mass filling a part of the in- 
testines, then a contracted Portion where there was no mismuth, ane a 
portion beyond that was filled with it The loeation wus thought te 


be in the large intestine, and to test this matter another rachograph 
was made five days later, after the orginal amount of bismuth had al! 
been passed. Kelore making the radiograph 30 er. of bismuth in 
Fld) cc, of Water hcl been injected inte the rectum. The =ITe \racdio-=€ 
graphic appearances were found and, as it was extremely unlikely that 
the injection had passed beyond the ileocecal valve, it was rewarded 
quite positive that the stricture was in the large intestine. 

Radiography of Intestinal Adhesions.—A case (Fig. 671) examined 
by the author for Dr. Robert C. Kemp suftered greatly from constina- 
tion, attributed to adhesions following one or two operations upon the 
pelvic organs. The symptoms pointed to the sigmoid flexure or the 
rectum as the seat of obstruction; but the picture, after a bismuth 
enema, showed that while the entire large intestine was in normal position 
and permeable to the injection an almost empty revion remained in the 
transverse colon. The mjection distended the parts on both sides. [i 
seemed as if this condition could only be accounted for by pressure either 
from a tumor, which could be excluded, or from a band of adhesions. 
The latter was found at operation. 

The recumbent position, the patient lying upon his back with the 
plate underneath, is often used by the author, because displacement of 
the stomach and intestine which are not corrected by this position are 
usually rendered permanent by adhesions. 

The Duodenum.—Hadiographs, as a rule, do not show this part of 
the intestine at all, or only as a shadowy outline, making a curve around 
the pylorus with its concavity toward the left. Einhorn’s method of 
blocking the duodenum by inflating a rubber ball, passed into the duo- 
denum by an esophageal bougie, gives an excellent picture of the duode- 
num when successfully accomplished, and, of course, the rare cases of 
stenosis of the duodenum from cancer or ulcer also cause it to show in the 
radiograph. ‘The bulbus duoden or cap may show as a dense shadow, 
separated from that of the stomach by the clear space of the pylorus 
without indicating any lesion. 

In some of the author's cases a small dense shadow has been seen 
at one part of the duodenum six hours after the ingestion of a bismuth 
meal, and this, combined with the symptomatology, has been taken as 
Indicating duodenal ulcer: and this diagnosis has been confirmed in 
the cases which have been operated on. Six hours after a meal the bis- 
muth is commonly to be seen far down in the pelvis or low down on the 
night side, either in the last part of the small intestine or in the cecum 
and ascending colon. This fact makes any separate shadow at that time 
cloze to the median line, and near the second or third lumbar vertebra. 
suspicious of duodenal ulcer. 

_In the majority of cases no particular information in regard to the 
jejunum and ileum is obtained in the z-ray diagnosis: but, of course, any 
very great obstruction from any cause would be shown by the arrest 
os the bismuth meal at that point. Lane’s kink may be revealed in 
this way. 


i 
oe. 


‘WW. ¥. Med. Journ., May 18s, 107. 





eT MEDICAL ELECTRICITY AND RONTGEN RATS 


The appendix is sometimes to be seen in radiographs made after 
qa bismuth meal, or afteran injection of bismuth or banum. The fact 
shat it is visible does not madicate any lesion ) 

The colon is usually best studied from a radiograph made after a 
rectal injection of about 2 pints of « liquid holding in [2 pension bari 
sulphate or bismuth oxychlond. 

Formula for [njectior 

Banum sulphate : 
Boluz alba......-. 
Water See 


Such an injection fills every pari of the large mtestine from the 
anus to the ileocecal valve, and some of the author's radiographs show 
that even this is sometimes passed. 

Normally, the colon forms a sort of letter H, with the splenic flexure 
reaching far up under the nibs: the hepatic Hexure, extending not quite 
A) hich, but still well above the level of the umbilicus; the transverse 
eqion at about the level of the umbilicus (somewhat higher when recum- 
hent than when standing): and the smo flexure, extending from well 
down in the left side of the pelvis, up out of the pelvis, and then down 
arain into the rectum. 

~ Changes in Position of Colon.—In cases of enteroptosis the shadow 
of the transverse colon may fall far down in the pelvis, but on operation 
in the recumbent position this may be found to have been somewhat 
exseverated in the picture. Cases of old adhesions, like Fie. 672, a 
patient of Dr. Kemp's who had been operated upon for appendicitis anc 
pericolitic adhesions, sometimes show the hepatic flexure much below 
its normal level and the whole ascending colon and cecum fallen together, 
instead of extending up along the right side of the abdomen. 

Normal Passage of Food Through the Colon —There is a to-and-fro 
peristalsis, which favors the absorption of the nutrition irom the colonic 
contents and a slow general progress toward the rectum, with occasional 
forward motion of a mass occupying a large part of the length of the colon. 
Holzknecht first observed this, and found that it takes place only once 
in about exht hours. 

Obstruction of the colon would show by arrest of the bismuth meal and 
also of the rectal injection. A case of the author’s, also a patient of 
Dr. Kemp, has very marked constipation following operations upon the 
appendix and ovaries and uterus. A bismuth injection was given, but 
no ment. 

_ he radiograph in the recumbent position showed the normal out- 
line of the colon, but at the place where the transverse colon crossed the 
spine there was a clear area 3 inches in length. This was evidently a 
eign of the colon through which the liquid injection could readily 
pss ut which was kept fattened ont instead of coming cistcn 

We Was 50 xx as to make this quite positive, and its appesr- 


ance Ssuprestod Pressure upon the colon where it erossed the prominent 
vertcbhre. - 
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CAreme constipation is often shown to be due to malposition or pres 
sure or contraction at some part of the colon, and sometimes the 


condition revealed] oy the t-Tav i= one requiring operation, Tics he 


shown to be due to simple muscular weakness in the wall of the colon 
evidenced by Longe retention in the eolon. or it may be shown to be Tee 
LO adhesions of the rectum OF siemoid pr ducing mechanical obstrue ion. 
It the z-ray shows the bismuth meal long retained in the rectum this 
would Usa be lessened sensibility and reflex action there. or spasmodic 
contraction of the sphincter ani. 

The rectum and sigmoid flexure are best seen after an injection 
which (Fig. 671) does not extend beyond these parts. 
, The Skiagraphic Enema.—f' ra rectal inj ection a. decoction of potato 
Hour, l ounce to 2 pints of water. 1s preparedl by mixing the potato 
Hour at first with a small amount of cold water and then pouring it 
into boilmge water. Three or 4 ounces of barium sulphate are thor- 
oughly mixed with this liquid (von Gourevitsch). The decoction must 
be pertectly liquid or it will not flow properly through the tube. This 
potato mixture gives excellent pictures, and the author prefers it to the 
following formula, which has only the advantage of requiring no cooking 
—bharium sulphate, 3 ounces: bolus alba (punfied powdered kaolin), 
# pound, and water up to 2 pints. Many of the author's radiographs 
have been made with this mixture and never with anv bad effect, but 
It 1s conceivable that some of it might be retained and become dry and 
hard. 

Foreign Bodiesin the Stomach and Intestines.— These are readily 
located if metallic, of as large size as a coin, and if the person 15 not too 
large. A needle might escape detection. 

The z-ray has been used to locate stolen property swallowed by 
criminals. This is said to have been done at the diamond mines and 
also in the mint in Japan, and « stolen ring has been located mn this 
way in the prison at Davenport, Iowa. 

Radiographic Studies of the Passage of Different Food-stuffs 
from the Stomach and Through the Small Intestine. Observations 
have been made by W. B. Cannon' upon a cat, to which 25 cc. of fats, 
of carbohydrates, or of albumin was given, mixed with bismuth sub 
nitrate. Fals were seen to remain in the stomach for a long time, 
gradually passing into the small intestine as the previous portion: of 
fat were abeorbed or passed into the large intestme. There was 00 
accumulation of fat in the small intestine. Albuminoids were seen not 

fAm. Jour, of Physiology, 12, 335, 194. 
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to leave the stomach during the first balf hour, except white of eee 
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alone increases the rapidity of passage, but doubling the amou 


albuminoid meal retards it. The MOMent nt which the differen 


iff administered singly appear in the large intestine is 


oT 
hours for carbohydrates, five hours for fats, and six hours for ; 
minords. 

Radiographic Characteristics of the Stomach in the Infant.— 
Leven and Barret’ find that the infant stomach lies in a horizontal 
position, with a portion of its greater curvature lowermost. see 
alwsavs In 8 conclution simular to that known as cilatation, not clap 
itself at all times to the volume of its contents as m the adult. 
the ingestion of 80 to 175 ec. of milk the infant stomach empties itself 
in from one and three-quarters to two hours. 

Other radioscopic studies of the infant stomach*® show that it con- 

throughout its entire extent, not merely around the pylorus, 
as in the adult. This contraction 1s a reflex from the gastne mucosa, 
and if the latter is hypersensitive, vomiting occurs. Obstinate vomit- 
ing of infancy is not a condition of stenosis or spasm at the pylorus, 
but one of hypersensitiveness, and this may be promptly relieved by the 
administration of sodium ‘titrate. 

Radiography Applied to the Desmoid Test of Stomach Func- 
tion.—The digestion of connective tissue may be studied by having the 
patient swallow a capsule made of thin gold-beater’s skin and contain- 
ing 2? pr. of powdered black iron oxid. This is to be taken at the end 
of an ordinary meal. 

A radiograph made seven hours later will show whether the gold- 
beater’s skin has been digested. This, according to some observers, 
is the average time required; if not, the capsule of iron still shows a 
distinct dark SpHOt : 

G. W. Schwartz’ found that connective tissue was completely di- 
gested in two hours in a case of very marked hyperacidity of the gastric 
juice. 

L. Horwitz" has employed Schwartz's method in 44 cases. He gives 
a little bag of bismuth after a regular test breakfast, and has the 
patient lie on his left side to retain the capsule in his stomach as long 
as possible, and the patient should take nothing but tea and water 
dunng the entire day. A little niece of thin rubber tissue tie! around 
the bismuth with 00 catgut may be used instead of the bag of gold- 
beater’s skin. The Caleut re digested in the Sine leneth cr fie 45 
gold-beater’s skin. He Says that if radioscopy shows the bismuth 
Res ie pas POF fhe stomach o intetines more than che 
secretion. When the conor ates @ lack of acid in the gastric 

en the connective tissue of the bag is digested the 
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is is a modification of Sahli’s desmoid test, based upon thi 

taat the raw connective tissue of the bag is not digested by the + 
creatic Or intestinal secretions, but only by the gastric juice and 
when the latter contains pepsin and free hydrochloric acid. 

_ eehwartzs radiologic observations show that no ingesta of ar 
kind : . evi rets xl for more han ten hours in a stomach of 
proximately normal size and without stenosis. 3 

Hoffman's conclusions from the radiographic examination of 100 
patients with diseases of the stomach are that the x-ray ic onby oc- 

ally of assistance im ciagnosis. j z 
| the stomach is dilated by gas and a bougie is introduced, the 
ter should normally follow a certain definite curve, but in gastrop- 

Is the bougie is scen in the radiograph 4) pass almost straight down 
to an unnaturally low level! : 

An hour-glass stomach was diagnosed by Holzknecht and Brauner.? 
The radiograph was made with the patient lying upon his back upon 
the plate with the tube over the abdomen. He had swallowed a sort of 
paste made of rice and milk and powdered bismuth subnitrate. Two 
dark shadows could be seen separated by a clear area representing the 
place of constriction. | 

Fig. 673 by the author shows an hour-glass stomach resultine from 
old adhesions. The patient was referred by Dr. Kemp. , 

An example of the value of the z-rav in the di 
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| q lapmosis of Intestinal 
diseases may be mentioned—a case deseribed by Wiesner.2. An opera- 
tion for appendicitis was followed by attacks of acute colitis occurring 
very two or three weeks. Radiologic examination revealed the fact 
that the cecum and a part of the descending colon were bound down 
by adhesions, and that a small blind pouch had been formed in this part 
of the intestines. This was relieved by an operation and another radio- 
graph three months later showed the colon in normal position. The 
colon is to be injected with a metallic mixture before making such a 
radiograph. 

Technic for Radiologic Examinations of Stomach and Intestines. 
—Hulst* has elaborated a technic for the radiologic examination of 
the stomach and intestines which is an abridgment of Holzknecht’s 
and if based also upon Rieder’s* work. The patient, whose stomach 
is known to be empty, stands in front of the z-ray tube, which 1s ex- 
veloped in an opaque shield with a diaphragm provided with a small 
lead disk, which is in a direct line with the focus of the tube. The 
shadow of this disk, as the tube is moved to different positions, indicates 

| Deutech. Med. Woeh., August 3. 1905. 

? Wem. klin. Woch., June 8, 1005, p. G21, 

' Minch. Med. Woch., March 3, 1008. 

‘Am. Quarterly of Roentgenology, Jan., 1607. | 

* Mittetlungen o. d. Lab. f. Radiolog., Diag., and Therap., vol. i, No. 1 
* Fortech. a. d. Geb. d. Roentgen., vol. vin, No. 3. 
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containing 25 er. of bismuth subnitrate. 
45 degrees to either side the opaque mass may be watched as it passes 
down through f 


Tf the patient is turned 

A swallow of water may be required 
on at the pat ent from directly in front the Magen- 
maze i scen to become narrower and to lengthen downward. The 
bismuth does not al once pase to the lowest part of the stomach, but 
it may require pressure upon the abdomen to cause it to do so. <A 
mark Indicating the lowest part of the stomach is then placed upon the 
skin. The patient then swallows 180 gr. of bismuth subnitrate in 


the esophapus. 
f ie Wein Ly 


ome 


to assist this. 
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Fig. 624.—Hadiograph of stomach through the clothes. 


is fastroptosis or not. 


If it is present, these two positions tend to cor- 
rect it. 


What they do show is the size and shape of the stomach, whether 
there is any constriction, and sometimes whether there is a tumor of the 


stomach wall. This was shown in one of Holzknecht’s cases by a por- 


tion free from the bismuth opacity, the tumor projecting into the cavity 
of the stomach and dizplacing just so much of the bismuth. 

One of Hulst’s cases of gastroptosis showed in the horizontal dorso- 
ventral radiograph that the caudal pole of the stomach was at the level 
of the fifth lumbar vertebra, while in the erect position the caudal 
pole was behind the symphysis pubis. 


A radiograph made six hours after the ingestion of the bismuth 
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ehow whether 1 has passed out of the stomach, and will thus 
thie motor ett che y of the OF-AM. 
Later radiographs will trace the bismuth through the intestines. 
Use of the Duodenal Tube in Radiography.— An elongated stomach- 
tube. with a perforated metal ball at the end, is passed into the stomach 
after ewnllowing a lass of mulk and water. ‘| he patient lies OT his right 
eide and after a time the tube passes into the duodenum. Then a rub- 
her ball surrounding the metal end of the stomach-tube may he inflated 
and will arrest the passage of a small bismuth meal through the duode- 
num im such @ manner as to secure an accurate radiograph of this portion 
of the intestine. The duodenal ball 1s deflated and the apparatus is 
drawn out through the mouth. Gross and Einhorn and Cole and 
Skinner were the pioneers in this method. 
Intensifying Screens in Gastro-intestinal Radiography.— There 
<< no need for great detail in these pictures, and there is every reason 
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Fig. 675.—Radiograph showing normal position of the stomach; ame case as Fig. 6¢1- 


for desiring to make short exposures. A transformer current of 
kilovolts and about 50 ma., producing an intensity of 1 Tousey, will 
make these with an exposure of less than one-quarter second if a good 
intensifying screen is used. A plate without an intensifying screen 
requires fifteen seconds; unless extremely powerful currents are em- 
ploved, when the exposure may be reduced to a single second. 

The Author is Opposed to Cinematography of the Stomach.- Such 
a rapid series of pictures can only be made upon a film, and films require 
& longer exposure than the fastest plates. Modern z-ray apparatus are 
so powerful that with the most rapid plate and the best intensifving 
screen a good picture may be made with an exposure of one-twentieth 
to one-fifth second, or with a film and an intensifying screen one-fifth to 
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information ay be satcly gained with a comparatively small number 
of the most sensitive plates reinforced by the best intensifying coreer, 

Cole s arra “a Pr Jor rad toctne EN en ey comprises a lead box like 
a camera, in which the film extends from one roller to the other under an 
Intenslying screen, Against which the film is pressed at the moment thai 
the current 15 turned on. The current is broken automatically after a 
certam fract lon of a second, the pressure upon the film against the inter- 
sifying SCoeH ES released, and another portion of the film unwound. ‘7 he 
pictures, of course, are the full size of the stomach, and reduced Copies 
are made upon a strip of cinematograph film. 

lt is not practicable to minke clnematograph pictures directly with 
a camera pointed toward the fluor ecopic screen as if that were a4 MOV- 
ing object. The exposure would have to be so long as to give a blurred 
Image of any moving object. 

The author is strongly opposed to the use of the fluoroscope cither 
for examination or for the purpose of determining the most favorable 
position or time tor making the radiographic exposure. It is safest 
for the operator to have him stand behind a screen of sheet-lead or of 
lead-glass and, preferably, not in a direct line with the x-ray, but to one 
side, where he can view the fluoroscopic image in a mirror. The fluoro 
scopic screen may be vertical with the patient standing before it, or it 
mav be honzontal under the table upon which the patient bes. Safe 
as it may be made for the operator, an element of danger remains for 
the patient, in the fact that while the z-radiance may be reduced toa 
weaker strength than used in radiography any fluoroscopy takes a tre- 
mendously longer time, and could only be made relatively safe by deter- 
mining beforehand the danger limit and using a time-switch to turn off 
the current long before that had been reached. Not alone the possibility 
of dermatitis, but of disturbance of blood, metabolism, and excretion 
must be taken into account in determining the safe time of exposure. 
Accidents with the fluoroscope were frequent in the early days when,used 
in the search for foreign bodies in the hand or for the examination of the 
knee and other joints. The extension of its use to the stomach, where a 
much stronger radiation is required, is additionally dangerous. 
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URINARY CALCULI 


Unnary calculi may very often be shown im a radiograph. If 
they do not show in a good picture it is not positive proof that they 
are absent, for some of them, consisting of friable pure uric acid, have 


such slieht density that they make no contrast with the tissues. The 
denser varieties, even if quite small, show well in any picture in wh 
the detail of the vertebre, their bodies, spines, and transverse and 
vertical processes, can be seen together with the last ribs and the quad- 
ratus lumborum and psoas muscles. ‘To obtsin such a picture with- 
out danger to the patient requires the most perfect technic and first- 
Class apparatus. ne should hesitate to attempt such a picture until 
he has aequired such practical experience with the z-ray that he is 
able to secure excellent radiographs of less difficult parts with a mod- 
Crate strength of current and with short exposures. The first case 
that one colleague attempted was exposed for six minutes, nothing 
on the photographie plate: and again for sixteen minutes without any 
result except asevere® burn. To SPrLrG i good picture of this rezion 
every time, instead of occasionally as a sort of accident, It is necessary 
to be able to properly excite the a-ray tube. Every word in the chap- 
ter on general radiographic technic should be known by the operator 
and verified and mastered by repeated experiment. The effort should 
not be to take radiographs in the shortest possible time, but rather 
to take the best possible radiographs and in the safest possible way. 
Caleuli may be in the pelvis of the kidney, in the ureter, or in the 
bladder, and two different positions of the patient are desirable. For 
those In the kidney, or in the part of the ureter above the brim of the 
pelvis, the patient should be lying upon his back with the plate (measur- 
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Fiz. 676.—Renal radiography with a compression cylinder. The knees should be drawn 
up and «a pillow placed under the shoulders a3 in Fig. 6i/. 


& belt: passing over it (Caldwell), another is by the use of the compres- 
sion cylinder (Albers Schonberg), and the third is by the use of the 
author's b: ware compressor. ; 

The compression cylinder (Fig. 677) produces an excellent picture, 
but one not more than 6 or S inches in diameter, ancl hence a single 
Picture does not give conclusive results in cases In Which the position 
of the ealeulus or even its very existence is not known. d - 

The Board Compressor.'—Equally good detail is obtained with 
the authors boarrl COMpPressor, anal it has the very FTCA advantage 
of producing a picture the full size of a 14x17-inch plate. It consists 
of a board of white wood 2 inch thick, 93 inches wide, and 15 inches 


z a ae 7 s “ate — ee i pee Le 
ong, which is reinforced at either end by cross-pieces 7, inch thick. 
Phe are beveled toward the muddle, 


The Croés-pieces are 2 inches wide, : ! 
holes are bored through each of 


and are glued, not nailed, on. "Two 
'Tousey, Louisville Medical Progress, Novembser, 1H. 
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medium, resistance about 3 or 34 inches, and radiometer Na. | 
Benoist 


The distance from the target to the plate should be 15 for 
a small and 25 inches for a large person. A primary current of Lo 





_ Pig. 675.—The author's “plate tunnel. 
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amperes, with small self-induction, 


a Wehnelt interrupter, and 20 
Interrupted CDOS Ure lasting one hundred or one hundrect ancl ttt. 
aecomds 1 absolutely safe, and with correct technic will pr Mice an 
excellent radiograph. Eighteen amperes, producing an intensity of 
fy Tousey, will require an exposure of thirty seconds. The extremely 
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; : i NE ANLICAT HOE shauled 
be vertically above a point 3 inches below the aiibsliea ii ae 
. : Canal, andl any enl- 
culus present is seen tree from the shadow of the bones. The taisias 
of the tube irom the plate, the degree of vacuum, and leneth and in- 
tensity ol the exposure are the same as for renal caleuli. The eom- 
Press1On board is used. Following the author's almost invariable 
practice In radiography a shield of x-ray metal (tin and lead) is placed 
behind the plate to shield it from secondary rays arising from the 
wood or other parts of the table or from different objects in the room. 
Riddel’ uses the fluoroscope as a preliminary to radiography in 
examining for urinary calculi, but this is extremely dangerous. 
The plan of having the patient he face down Upon a& canvas stretcher 
or thin board table, with the tube underneath the abdomen, enables one 
to make a fluoroscopic examination for renal or ureteral calculi. The 
fluoroscope is held over the patient’t back. The tube may be held by 
the orthodiagraph, or it may be completely enclosed in an opaque shield, 
such as Ripperger’s. Using the latter with the largest diaphragm and 
the anticathode at a distance of 25 inches from fluorescent screen, the 
whole of both kidney and ureter regions and the bladder become visible 
at once. Any large calculus may be discovered by an eye trained to 
this phase of fluoroscopy, and may be subjected to more exact scrutiny 
with a smaller diaphragm or cylinder, or with the author's cellular 
diaphragm. The protective shield prevents injury to the operators 
limbs or genitals, and, if the room is entirely darkened and the fluoro- 
scopic screen covered by a sheet of leacl-glass, his face and eyes are also 
protected. A radiograph may be made of the whole region, ee ees 
one, with a diaphragm or cylinder, may be made of a stone ae Dy 
fluoroscopy. The dangers to the operator are so great that even these 
precautions will not make it safe to use frequently. ; Fo ahea 
The danger to the patient must be remembered, and, if the focaliza- 
tion of a calculus with the fluoroscope Is evidently going to take eee 
than a very few seconds, the operator should stop and at once proceet 
to make a radiograph. 
This prone position produces mo 
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dinphragm in radiography of renal 
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Fig. 679.—Use of Tousey’s radiating cellular 
ealeuh. Weight of patient, 155 pounds. 
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about 10 inches from the surface of the abdomen, will avoid casting the 
shadow of the ureters upon the sacrum. where it might be difficult to 
recognize the shadow of a stone. 

Aone 1 cases of ureteral calewlues reported hy A. T. ¢ “abot! the 
stone was lodged at the junction of upper and middle-thirds in one 
case, 2 were lodged at the lower part of the middle third, and 6 in the 
lower third of the ureter. 

In Baetjer’s 351 cases examined for urinary calculus only 3 case 
revealed 4 ureteral caleulus lying above the brim of the pelvis. 

' Boston Moe. arcd Sa r. Jour, 15. 
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OAY Een ras still further ini reases the clearness af the imare. 

| li 1s rather important to make ceria that the patient has not been 
eating bismuth for ‘a lew days before such an examination. This 
would CHUSe & shadow which might be mistaken for that of a caleulus. 

Dense CICALTICES In the kidney have been seen by Baetjer [oO Calise 
SUSpIClous shadows similar to those of calculi. 

Dark shadows on the plate or lirht areas in the print, presentime 
& size, shape, and position suggestive of urinary calculi, must not be 
mistaken for them. They may be due to one of two different causes: 
first, an imperfection im the plate; second, a collection of ras in the 
rectum or some other part of the intestines. These shadows represent 
areas of reduced resistance to the <-Tav, and cannot, theretore, be due 
to caleuh, which, of course, cause increased resistance. 

The last ribs, the crest of the ilium, the transverse processes of the 
lumbar vertebra, and the edge of the psoas muscle should all be clearly 
defined] in a radiograph to fit it for the diagnosis of Urinary caleuli. 

Penetrability of Different Kinds of Calculi.—The order of pene- 
trability by the z-ray is: 1, Biliary ‘~aleuli> 2, uric acid caleuli: 5, phos- 
phatic caleuli: 4, caleium oxalate calculi. | 

Those least permeable, like thé calcium oxalate calcul, 
deepest shadows and are the most easy to detect. Uaee 

Uric acid ealeuli cast famt shadows, but can almost always be 
detected in a successful radiograph. Phosphatic and ealerum oxalate 
ealeuli cast dense shadows, and can always be seen in a successful 
radiograph unless they are very small. A calculus small enough he 
be passed in the urine may escape detection by the z-ray, especially 
if the patient is large or stout. Peart Deen 

Tie ste or permeability corresponds fairy well with the specific 

gravity of the different ealcull. Laan a- werfectly well 7 a num 

Cystin and xanthin calculi have shown hi » to the fact that many 

ber of radiographs by Morms.', This may be sath! SR phos 
of these calculi contain calcium, orn ap ie 
phate, and they will contain 25 per cent. of sulphur. 


1 Lancet, July 21, 1908. 
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Phieboliths.—These small concretions are very apt to occur in 
the veins of the pelvis, ancl ean sometimes be seen in 8 raciograph. 
Their shadows are more definite and their edges are more sharply de- 
fined than those of a calculus, and they are almost always very small. 
Ther lie close to the line of the ureter at or below the brim of the pelvis. 
In cases of doubt another radiograph should be made with a ureteral 
eatheter in position. The phlebolith will be found to the outer side of 
the catheter. 

A. soft flexible ureteral catheter has been devised hr Fenwick, 
and has also been used by Howard A. Kelly for cases of this kind, 
It contains ch certain percentage of bismuth, and is safer to use than 
a catheter with a metal stylet. A catheter into which a certain amount 
of metallic mercury has been poured is equally good for this purpose, 
but is not so simple as the catheter impregnatd with bismuth. 

The Ureteral Catheter in Radiography.—A ureteral catheter 
rendered opaque as above may be introduced as an aid in the radio- 
graphic cliagnosis of ureteral and renal conditions. Damsky" used this 
method successfully in 2 most interesting cases. In one patient a sim- 
ple radiograph had shown a kidney-shaped body. The radiograph, made 
with a ureteral catheter and stylet in position, showed that these did 
not pass into th: kidney-shaped hody. It was concluded, therefore, 
that this was not the kidney, and upon operation it was found to be 
an ovarian cyst with an extremely long pedicle. The other case was 
that of a woman with a ureteral fistula following the removal of a uterine 
fibroid. A radiograph, made with catheters in both ureters and the 
fistula, showed which ureter had been opened and at what level. 

A ureteral catheter contaiming metal wire will show in a radio- 
graph. Bransford Lewis* reports a case in which three ureters were 
demonstrated in this way. 

The ureteral catheter will also aid in deciding whether a shadow 
on the plate is due to a calculus or to something outside of the ureter. 
Fenwick* reports cases in which the radiograph showed bodies apparently 
in the ureter, but a second radiograph with a ureteral stylet showed 
that such was not the ease. The operations showed that the shadows 
were those of calcified lymphatic glands or arteries. 

Technic of Ureteral Catheterization (Dr. Ralph Tousey, Personal 
Communication)—The catheters are sterilized by washing with green 
soap and water, placing them in s¢sc bichlord of mercury for an hour 
or two, then in 2 per cent. boric-acid solution. They are dried and 
kept dry. li they are to be used soon keep them in bonc-acid 
solution. The stvlets may be boiled or passed through an alcohol 
Hame and kept temporarily in boric-acid solution. The metallic in- 
sruments are sterilized by washing in alcohol. Local anesthesia is 
secured in the female by filling the urethra with “0 minims of 5 per cent. 
Tee aah OF cocain from a hypodermic syringe without a needle, leaving 
une § on in for three minutes, and in the male by the instillation of 
9 OF 10 minims of 1 per cent. solution of eucain in the prostatic urethra. 
Glycerin Ls used as a lubricant. 
oe or Ane Nitze ivpe of cystoscope, for instance, the Brown-Buerger, 

patient ts in the dorsal position, with the legs supported by crutches. 


'Vratchnebnais Gazeta, July 9, 1905. 
1s. 


* Mexheal Record, Oct. 6, 
* Britieh Med. Jour. 1908. 
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Six ounces of 2 per cent. boric-acid solution is mjected into ¢] 
through 9 fexible cat heter, which is withdrawn, and then thea onél 
izing cystoscope re introduced. The periorated CAS of Fins latter 
alreacly provided! with the two catheters, the othe enc | | 
held at a hicher level by the patient or nurse, “The orifice: 
is to be scmunge bit obliquely outward and backward 14 inchee distant 
fron the wuret hrs. aril ct number ot bloocd-vesse|s will | in Seon tor ei , 
from it. Push the corresponding catheter in until its tip is seen ene 
further. until the tip disappears beyond the field of vision. & 4 by 
wureter, hendl up the catheter with the lever pr wiced for th 3 
until the tip of the catheter is seen; push the entire mstrument toward 
the catheter and the catheter will probably enter the ureter. When ir 
push the catheter a couple of inches further into the ureter, and swing 
the Instrument over Lo the other side anc Int rOuce tb catheter into He 
other ureter. The urine may be collected in two sterile test-tubes for 
ten or fifteen minutes. Pushing the catheters in, the pelvis of the 
kidney will LAS entered Hh | cistance of about a0) em. from the internal 
urethral orifice; this will be evidenced by a certain obstruction, also 
perhaps by the escape of a dram of urime at once instead of the ureteral 
peristalsis. The capacity of the pelvis is about 2 dram. 

The Howard Kelly CYSLOscope is simply an open hollow evlinder 
introduced into the air-filled female bladder and directly exposing the 
ureteral onfice, which appears of its natural size instead of being magni- 
fied eight times, as in the Brown-Buerger cystoscope. Patient on her 
back, with feet im stirrups, eocain is applied, the bladder is emptied by 
a catheter, the urethra is dilated by passing No. 20 Hanks cervical 
dilator. Then the knee chest position is assumed, buttocks on a plumb- 
line with the calves, thighs a httle back of the perpendicular. Draw 
back the perineum with the finger to allow the vagina to balloon out, 
in some exceptional cases Introduce a rectal speculum for a moment. 
Introduce a Kelly cystoscope, 25 French, with electric-light attachment. 
Depress handle, bladder filling with arr. Draw out to internal urethral 
orifice, then push in for 1} inch with a lateral deviation of 30 degrees and 
see the onfice of one ureter. 

AS a prophylactic after cystoscopy 2 ounces of 2 per cent. solution of 
protargol are injected mto the bladder. | 

In case of doubt the author makes two radiographs from somew5hs’ 
differcnt directions. Coincidence of the shadows of the ureteral catheter 
and foreign body in both pictures ehows that the foreizn body lies un the 
ureter. ae | 

Development of the plate to show renal calculi. G. Thurston Hot- 
land, working with an induction-cou, mercury interrupter, and rei 
posure of five to twenty seconds with primary current of ampe 
and an Ilford z-ray plate, found that six minutes’ development was DEST: 
The Ilford metol hydroquinone formula was used and the finished ct 
dried plate was not blackened, but white and thin and easily seen througe 


mt 
ii] \ 
7 


Peady [ose 


bY daylight. The details af the abvlominal hues and the verte nd 
iliac crests should be quite clear. This, it will be scen, ts decide ly ai ler 
ent {from the development commoniv given 4 screen plate cv the stomach 
or intestines containing hiemuih, which is so much denser than a remat 
calculus and where the plate is usually decidedly blackened. 
Results in Renal and Ureteral Radiography.— mistake in diagno 
1 Arch. Roentaen Ray, Jnn.. 1i4R. 
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aia is possible in exceptional cases even in the most expert hani| 
general it forms an extremely reliable means of dingnest- 
Brawn! mentions a case in which the rachograph failed ¢, 
ureteral caleulus which could be seen with the cystoseupe, a: 
was subsequently removed by an operation. | | 

Lydston? reports several cases of ureteral i Peni Caleuh remn 
by operation. Same of these were found im the skiagraph, bjt 
as many other cases they were not. aii 

The z-ray eave negative results in a case reported by Ware. 

Cae Wis one of contracted bladder, and at a POSt-Mm or Let CXfiIMInst 
a stone was found in each ureter close to the bladder. 

The late Tilden Brown’ found that m cases ol pure une-acicd stone. 
negative radiograph was as likely as not to be returned by the radiog- 
rapher, and this, too, in subjects of favorable proportions and where :| 
intestinal contents are thoroughly removed. _ 

Baetjer reports a successful use of the x-ray mm practically all of 45) 
cases examined for urinary caleuli. 

The author's own cazes include a number in which a positive digc- 
nosis of calculus was made from the radiograph. All but one of the- 
are known to have been operated on and the calculi removed. ‘I’ 
one case known not to have been operated on mace the most beautii 
picture of all. The patient was referred to the author by Dr. [ 
Broun, and a radiograph showed a collection of stones, like a bune) 
of grapes, in the left kidney. ‘Since the pain and tenderness had always 
been on the right side, a second radiograph was made, placing a liz 
tinguishing mark on the night side of the plate. This again show 
the group of ecaleuli in the left kidney. The pictures are decile! 
different, showing either a different grouping of the caleult or a il 
ence in their position relative to that of the z-ray tube. Dr. Broun 
lost sight of the patient for a number of years because the ms 
afraid to be operated upon. <A radiograph (Fig. 679), made : 
end of that time, showed a similar condition. 

A curious case of the author's was one in which the radiograph 
showed a caleulus which the operator, Dr. Gallant,* found embwililest 
in the mesentery 2 inches from the ureter, It had all the character 
istics of a ureteral calculus. 

_ Another case had been subjected to thirteen x-ray cxaminatior= 
before bemg brought to the author by her physician, Dr. W. ‘lrav's 
Gibb. Six or seven of these had been made in England, and revealed 
th ureteral ealculus which had been passed spontaneously. The te- 
mainder of the radiographs had been made in America, None ot | 
entire thirteen radiographs showed a renal calculus, although tl" 
were well-marked symptoms of such trouble. This kidney was know" 
pe seedy oon and the other kidney had been removed. The radic- 
Sraneiee ak cake Se usual Manner, without aay ! oe 
presence if a large ey aa ength of exposure, anil SAS eet rosa 
alculus, Presenting two horn-like prow. 


Hl ¥ bead te aT Rae adh 
| het ad. U- Section, Oct. 17, 1906; Jour. Am. Afed. Aso., Len 


‘Thea, ag 2% March al, 16, Ho in 
* Amer, Quar. of Roentg.. Jan. | 
EN: Y. Med, Jour. Marc 31, 1006, p. oss. 
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tions dédwnward. Smaller pleees were ba around tt. The aton 
were removed by Dr. Gibb a day or two lat and were found ra ale 
respond in shape with the radiographic image | 

Should the Surgeon be Given the Radiograph or Should He 
Sony be Given the Radiologist’s =e of His Examination? ’ 
Th s last case 1s one In point. The radiologist who had made ¢' . last 
examination prey lous to my own had refused to let the surgeon 1 ape 
the radiograph, but simply stated that it showed that no <tm 
present. The subsequent result showed that this opmion was i 
and that if it had been acted upon the patient would have | 
to suffer from this very painful condition. 

lt is, I believe, the opinion of a majority of the active members 
of the American Rontgen Kay Socicty that the radiologist ‘i to tive 
his opinion and not a picture from which the surreon ean make his 
own diagnosis. This is on the theory that the radiograph esecnies 
Interpretation by a specialist. 

My own feeling is that the surgeon should Sap the pict a8 
well as the radiographer’s full exp: anation of it-and his diagnosis 
The surgeon should have the opportunity to inate familiar with 
radiographs of the different conditions which he is ce: alled upon to treat, 
and should be able to judge of the quality of the picture. If it is 
mere fogzy daub, when he knows that a good radiograph should show 
the lateral processes of the lumbar vertebr re, he 1s not obliced to 
take the radiologist’s diagnosis and run the risk of pe rforming & serious 
operation uselessly or of neglecting to perform an operation in a case 
which requires it. 

The surgeon will doubtless accept the radiographer’s diagnosis 

in almost every case, but he should have ev ery opportunity of knowing 
ca Ri this opinon is based upon a successful radiograph or not 

In some cases the surgeon has made a special study of the . radio- 

aphic appearance of a particular class of lesions, and his opinie Ion may 
even more valuable than that of the radiographer. The author 
has learned a great deal from friends who have sent him cases to be 
radiographed because they have not the time to devote to the technic 
manipulation of z-ray apparatus. 

In one case of the author's two plates were exposed at the same 
time and both showed excellent detail. One showed an image like 
that of a calculus somewhat below and external to the region of the 
kidney. The image did not show on the other plate, and the proba- 
bility seemed that it was due to some defect in the first plate. Dr. 
Douglas H. Stewart operated, however, and found a calculus m the po=i- 
tion indicated by the first plate. 

A considerable number of cases have been examined by the author 
in which the radiograph showed no stone in the kidney or ureter. As 
far as he knows, none of these cases have been ope rated on and, there- 
fore, it 1s impossible to say whether the negative diagnosis was correct 
m all of these or not. 

Chas, Lester Leonard and Lewis Gregory Cole have reported a! large 
number of cases examined by them for renal and ureteral calc ul: with 
excellent results. Leonard formerly gave a long exposure, four oF 
five minutes, with a moderate intensity of radiation, but now uses a 
transformer and an exposure of only a few seconds. Cole uses a short 
ai about half a minute, with great intensity. 
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As to the degree of penetration, Caldwell uses a ray with which the 
bones of the hand appear gray. (The use of the hand as a racdiomet : 
Is & most dangerous practice.) — TOMO Ler 

Home of the author's best raciographs of the pelvis and lumbar 
region have been made with a penetration of only No. 4 Benoa: ay " 
which the bones of the hand would appear almost black on fn pate ae 
examination. ; “& ON Huoroscopic 

_ One case was examined for calculus, and the very distinct imac 
of the kidney Was regarded as sufficient evi lence. taken Parnes eee 
the history of the case, to require an exploratory Gamatinn: TI 
operator, Dr. Tucker, found a prolapsed kidney in a bbata cr’ } a “i 
inflammation, requiring removal of the entire organ. There aisha 
ealculi and no calcareous foci. as Beene we nen aD 

MYDRONEPHEROSIS 

This disease produces an abnormal appearance in the radiocravh 
An area of opacity may be seen to begin in the kidney region and ex. 
tend downward and perhaps inward from it. Its recular. sharply- 
defined, convex border and large size are its chief cha racterstics: | These 
may not enable one to make more than a probable diarnosis of hyd ae 
nephrosis, but they do exclude renal esleuli or biliary ealeuli (as the 
sole lesion), tuberculosis of the kidney, or intestinal obstruct ion 

Report on the Radiographic Findings in a Case of Hydro- 
nephrosis.—T'he patient was sent to me through the kindness of 
Dr. Beaman Douglas. Gall-stone disease Was suspected from the «vmn- 
toms of attacks of pain and tenderness and from the presence of a 
tumor in the gall-bladder region. A radiograph was made after an 
ordinary dose of Rochelle salt, and another a few days later, after 
‘bait J thorough purgation by Hunyadi water and fasting for Poronty 
hours. The following is an abstract of my report on the radiographs: 

The two pictures are practically identical. They show the ab- 
sence of any renal, ureteral, or vesical calculus, and they show an area 
of quite dense opacity, extending downward and inward from + 


i 
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eae “af the liver to the median line at the level of the crests of the 
ia. The right-hand border of this area of opacity is very sharply 
potas, and forms an unbroken line, which makes the right AGP nf 
ihe abdlomen in the radiograph contrast Bteatlv withthe keftside. We 


= ed 4 er Tf bi if ; = 
on the left side 4 More or less Irrecular and broken border to the 


le 


shadow of the ahc _ Th - ‘ 
the poate hg abdomen. _ phe area of opacity on the nght side obscures 
of gall ene os Of ee ips ana also a | part of the vertehre \ Wiss 
5 = T i Woy ct not ve expert : j 7% : a =A ni B ~yoate 7 fy ols oe Hn Lis Un 
‘a L's ; ad = = poole Pisa Plas? a Lo CASE =i b ij lari i. a oe Ba mPa 
certainly not one wit! | | ee ey SLL! 
would indicate the presenen nfene >” Wetmed border. The opacity 
: ext =: presence of either a laree < ae ") 
tumor. There anrearc “4 ther & iarge sac of fluid or of a solic 
surgical ex latin ae hi x Eanes doubt as to the necessity of 
= ales a | = tis CaS t ap ry ee f 7 ies a -f | . a 1. — 
are any gall-ston resent ; cannot be stated whether ther 
bulk of the swelling which ic a and they certainiy do not form the 
The Operation, performed nae on abdominal palpation,” 
ated a large sac of fluid which a Surgeon m Portland, Maine, evacu- 
eyst, but from Which urine he rea first appeared to be a retroperitone! 
“rouble was hydronephrosis, ‘Ban to How in a few days, proving that the 
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PYELOGRAPHY 
Volcker and Lichtenberg’ pass & ureteral catheter into the kidney 
and inject a warm (2 per cent.) solution of collargol (4 « her compound 
into its pelvis. The size and shape of the pelvis of the kidne. can then 
be shown in a radiograph. The method is suggested for the diagnosis 
of dilatation and of deformity of the ureter. aN 


PERINEPHRITIS 


The z-ray gave negative results in a case of paranephritic ealaresins 
operated upon by Bergr.* 


= | =, 


HEMORRHAGIC NEPHRITIS 


Hemorrhagic nephritis was present in 2 cases reported by Wiener? 
The radiographs showed no abnormal appearance of the kidney. ureter. 
or bladder. 


RENAL TUBERCULOSIS 


Tuberculosis of the kidneys, according to Brown? presents radio- 
eraphic appearances of diagnostic value. Such a kidney casts a well- 
marked hanow In one of Brown’s cases the z-ray showed a shadow 
suggestive of renal calculus, and an operation showed that the kidney 
was tuberculous and filled with a putty-like substance. J. Bayard 
Clark* and others have reported cases of tuberculosis of the kidney 
which were diagnosed by radiography, combined with cystoscopy and 
cryoscopy. 

A radiograph of urine in a case examined for Dr. FE. I.. Keyes, Jr., 
fave positive indications of the character of the lesion. 


RADIOGRAPHY OF VESICAL CALCULUS 


iwo positions are available. One is with the patient face down 

lipon the plate ancl the tube in the meclian line ai a lower position, en) 
that the rays will shine obliquely upward through the pelvis and pre- 
vent the shadow of the sacrum from filling up the entire image of the 
pelvic canal. In the other position, the patient lies face up upon the 
plate, and the x-ray tube is in the median line, about 3 inches above 
the symphysis pubis, the anticathode being at a distance of 17 inches 
from the plate if no cylinder diaphragm 1= used, and about 24 inches 
if this apparatus is used. 

ihe rays traverse the pelvis in the same line in both cases, but in 
opposite directions. The idea is to show the cavity of the pelvis as 
free as possible from the shadow of the sacrum. The author places the 
plate behind and the tube in front, but some others prefer the ventral 
position, on the theory that it brings the plate nearer the bladder and 
consequently nearer the stone. As it is better to have the bladder 
empty, and as the stone is almost always near the neck of the bladder, 
this reasoning does not seem exactly correct. 

‘Minch. Med. Woch., Jan. 16, 1906. 

tN. ¥. Med. Jour... Aug. 18, 1008 

N.Y. Acad. Med. GenitoUrinary Section, Oct. 17, 1906; N.Y. Med. Jour. 

Dec. 15, 1906, p. 1204. 
* [hedd., 
‘Med. News, Dec. 9, 1905. 
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The authors cellular diaphragm gives clearness of definition throug! 
this thick portion of the body better than in any other way. | 

The penetration should be about No. 6 Benoist, and an intensity 
of Vi ‘Tousev and an @X PPosire of thirty seconds Will be required with a 
ent. A shorter time will give a good picture, but one lacking a little 
in density. This intensity may be produced by a tube excited by a 
12-inch induction-coil with 18 amperes of primary current, supplied by 
the 110-volt direct current passed through a Wehnelt interrupter, but 
not using any rheostat resistance. Less intensity, such as 45 Tousey, 
gould require an exposure of two or three minutes, and would be gener- 
ated by a 12-inch induction-coil with a Wehnelt interrupter, Li-vott 
direct current, and a primary current of amperes. ‘Transtormer cur- 
rents of 25 to 50 ma., pr Mlucing an intensity of from ¢ to 1 ‘Tousey, re- 
quire an exposure of from one to ten seconds. , 

Intermediate mtensitics produce a vesical radiograph with an 
exposure between these two EXTremes. 

The rectum and bladder contents should be evacuated, and a much 
clearer image will be obtained if both these cavities are filled with 

oOxv ' ae 

ak eae haa been reported in which the radiograph, made im the oruli- 
nary wav, did not show a small stone, which was clearly depicted on a 
photographic film held in the vagina, just as radiographs of the teeth 
are made upon a film held inside the mouth. 

The stones, shown in one of the author's cases, had not been discov- 
ered when a Bottini operation for prostatic hypertrophy was performed 
two years previously, and consequently no improvement had followed 
the operation. The patient, a man of sixty-five, was sick in bed, having 
his bladder irmgated five or six times a day, and suffering great pain. 
A sound failed to discover any stone two weeks before the z-ray exami- 
nation. The radiopraph showed two large calculi, which were removed 
at an operation by Dr. Buck Garleton. He found that the stones 
were of a putiy-like consistence, which accounted for the impossibility 
of detecting them by ordinary means of examination. Sinee the 
operation the old gentleman is able to rin wp and down stairs and rode 
100 miles on horseback in one day a year later. The x-ray has actually 
saved this man’s life. 

Vesical calculi are usually made up of oxalates or phosphates, some- 
times having a nucleus of une acid, and are usually of considerable size. 

Moseley* prefers to have the patient lic face down on the plate, so 2s 
to bring the bladder nearer the plate. 

The bladder and rectum should be empty. 

The bladder and rectum may be filled with oxygen gas, but this is 
not entirely free from danger, and Saenger reports a fatal case. 

An encysted caleulus in the lower posterior wall of the bladder 
was found by means of a radiograph by Menges, and removed by Holme= 
after systematic exploration with a searching sound under general 
anesthesia had failed to discover it. It was completely encapsulated. 

In CASES examined for vesical calculus the kidnevs and ureters should 
also be radiographedd. Many vesical calculi oricinate in the kidney. and 
i is wise to see whether new ones are forming. ; 


.N. ¥. Med. Jour.. March, 190% 
2 Arch. d’elect. med., April 10, 1907. 
aN. ¥. Med. Jour ; May 27, 1005. 
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Beck’ states that since he has begun to hog 
well as the bladder he has found renal caleuh in every 
ealeulus. This observation makes it important to im 
kuiney regions as well as the bladder. Additional obse 
quired to determine whether such a combination is inva 


PROSTATIC CALCULI 

A case of this comparatively rare condition, referred 
P. MeGowan, was readily shown by a radiograph. The p 
supine upon the plate, the lower end of which was raised to 
of 20 decrees with the table, and the tube was 4 inches above th 
physis pubis. This was with the idea of securing an image h 
ealculus not overlapped by that of the pubic bones. This did not 
prove to be the case, but the calculus was such an enormous one that 
this makes little difference. In fact, in this picture the imace of the 
stone completely overshadows that of the symphysis pubis. Whether 
the object could be obtained by placing the tube at a considerably 
lower level than the symphysis is not known by actual experiment, 
but if seems probable. If so, the stone would cast an image below 


Le 


Fig. 650.—RHadiogrmph of proatatic caleulus Fie. 651.— Photograph of prostatic 

after removal (onec-hali satire gize). Radinting calculus after removal (scale of inches 

cellular diaphragm employed. for companson). (Case examined for 
Dr. Aicioowan.) 


the arch of the pubis, but overshadowed by the image of the sacrum 
and coccyx. 

Considering also the possibility that the calculus might be in the 
bladder instead of in the prostate, the position adopted in making this 


radiograph seems the most desirable one. 
Fig. 680 is a radiograph made with the author’s madiating diaphragm 


of this ealculus after removal, and Fig. 681 1s an ordinary photograph 
' Jour. Am. Med. Asoe.. Dee. 23, 105, 
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of the calculus held in the hand and with a seale gradiiatesd 
companson. 

The seri mal re rite l iy have bar 2hown in muliog¢rarny| “ 
injection of 5 per cent. argyrol solution.’ 


FOREIGN BODIES IN THE PELVIC ORGANS 

Foreign bodies in the bladder, vagina or 
well shown in a radiograph of the pelvis ma 
patient and the tube over the median line | 
pubis. 

THE PELVIC BONES 

The pelvis 15 well shown mm a picture made as for vesical caleyli: 
but for the sacrum and coccyvx especially the pervis is tilted forwartl, 
and the tube is just above the level of the symphysis pubis. The 
compression board and the cellular diaphragm are vised and the other 
eonditions are the same as for renal calculi. 

Non-union of the Symphysis Pubis.—This condition as a con- 
genital defect was found m a case of epispadias reported by Mouratoff2 
The radiograph showed that there was an absenee of union between 
the pubic bones, and that the symphysis was a relaxed membranous 
barrier. ee, 

Separation of the Symphysis Pubis.—TVlus injury is not so very 
rare as a complication of difficult parturition and can be recogmizecd 
in a radiograph. | | 

Radiography of the Symphysis Pubis and Its Normal Appear- 
ance—The radiograph may be made with the tube in the median 
line. and about 1 inch above the symphysis, with the plate under the 
back of the pelvis. The distance from the anticathode to the plate 
should be about 17 inches, unless a cylinder diaphragm or the author's 
eellular diaphragm is used, in which caze it should be about 24 inches. 
An intensity of 7; Tousey and a penetration of No. 6 Benoist will 
require an exposure of thirty seconds. The radiograph is likely to be 
- good one. “5 spite of the fact that the part to he depict edd Is At a distance 
from the plate. : mi Ke ue Sree 

Another position is for the patient to le face down upon the pints, 
the center of which is under the symphysis pubis. The tube ts in the 
median line and at a lower position, so that the shadow of the sacrum 
will fall at. a higher level than the symphysis. The idea is to ha fel ere 
ray pass along the same line as with the patient in the dorsal position, 
but in the opposite direction. : sie | 

Even in a patient sixty-five years old the symphysis shows norms 
a complete line of separation, and it may happen that in a periec 
Soa person of any age the radiograph may show an apparen 
considerable separation. The knowledge of this fact will enable on 
to euard arainst the error of mistaking a normal tor a pathologic con- 
dition in the symphysis. + eee 

Fracture or Dislocation of the Coccyx.—It is suggested by thie 
author that a clearer radiograph of the coccyx and lower part 01 the 
sacrum may be obtained upon a photographic film held inside the 
Vagina, just a5 radiocraphs of the teeth are made upon films held ie 
side the mouth. A fracture or dislocation of the coccyx could be ver) 

' W. T. Belfield, Jour. Am. Med. Assoc., Nov. 22, 1913, vol Ixi, No. 21, p. 1587. 

* Koussky Vratch., July 20, 102. 





THE Y-RAY 


aed That beautifull ahah in this was { ni 
7 w a rik iain ' ; I oe fe th Sent. 
wou a Doe present bony lestons ind would he <i 
lhe rectum shu lel bar fannie Ch ri 
" The Lumbar Vertebr=. EXAMInations cit 
Poi Beer, rah (ir ff ber Llosa ia practicahle ane re lis LT 
technic PoaCOTMMencd. hor renal ealeult a 
_ cl re ee 

wl Radiography of the Fetus in Utero. The fets 
eC le OCCU DIeS= the lowe Ns a - 
elusion of the 1: hobs , West part of the uterus, to th 
-_ OE AIQUOF amni, but when the head oceu: 


of the uterus the curenundice f..23 ; [a 
a En MTOUnGInGe fue Produces S0 much cdien 


alla + bs | 
TT Shs ic the etal ice Fn riw i ee ryt a 1 - 
" eraph unsatistactory. The fetal bones are « 


almost entirely cartilaginous. so that it is dificult to distineuict 
a radiograph before hirth. LST Us 
The possibility of destroying the vitality of the fetus or «f 
ducing ae through action upon the mother’s ovaries ir i ald 
deter one Prot making repeated <I examinations ae a: aresiar a: 
TRY Diagnosis of Pregnancy and of Extra-uterine Gestatioz 
—A radiograph of the pelvis will be of service in either of then” 
ditions. What is found is apt to be a silhouette of the fetal 1 enya 
than a picture of its different bones. ; : Chill MASs rather 
Lichenstein' describes a case of extra-uverine presiance with 
mummincation of the fetus. The diagnosis was made by means of a 


rachiorraph taken wit! med es gy oT Se ee 
ra ho apo 1 ben WIth @& Medmm soft tube wWithoati a diaphrasm and 


he te 


5 gee iia ol one and three-quarter minutes. The maternal pelvis 
showed sharply, but the lumbar vertebr= were not so distinct. Over 
me right rim of the pelvis two fetal extremities were seen, one being a 
Phe : the thigh, end the other, at an angle with this. Demme the low. 
pervis. Po pelvis presentation Was diagnosed, which was verified by 
operation. - 

Dermoid Cyst.—This condition showed very well in a case 
referred to the author by Dr. John M. Keyes. 


THE HIP-JOINT 
| Dislocation, either congenital or acquired, and fractures of the neck 
of the femur are well shown by fl radiograph, but the nse of the fluoro 
scope 1s not to be recommended. | 
_ For a radiograph the patient may he either prone or supine, the 
limbs are extended, and the compression band is used (Fig. 682). For 
& picture of both hips he lies face up, with the plate under the back of 
the pelvis: the anticathode is directly over the median linc, 14 inches 
above the symphysis pubis, 15 to 18 inches from the plate. The 
latter should measure 14% 17 inches, and be placed transversely with 
its center at the level of the trochanters. For a picture of only one hip 
the plate measures 11 ™ 14 inches, and is placed longitudinally with its 
center 1 inch internal to the trochanter. The anticathode of the z-ray 
tube is vertically over the center of the plate, at a distance of 15 to IS 
inches fromit. The tube should have a heavy target, so as to permit the 
use of a primary current of 10 amperes or more, and the exposure 
should be two minutes with 10 amperes (7, Tousey), or one minute 
with 15 amperes (7; Tousey), or fifteen seconds with 25 amperes (15 
Transformer currents make it possible to make a radiograph 


Tousey). 
i Monch. Med. Woch., vol. vi, 5-74. 
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of the hip Im one second without an intensifying screen, but ordinarily 
Gve seconds is better. The best, though perhaps not the quick 
tures are made with a mechum low Vaculm, resistance 2 inches, 
eter No.3 or 4 Benoist. Any diaphragm or cylinder will give | 
definition for one hip at a time. | aa ee | 
Tuberculosis of the Hip— Tuberculosis of the hip is of 
by the radiograph at an earlier stage than by any Ome Means. 1 Te 
head of the femur may be almost tran sparent and a port ion. be absor! acl 
Among the signs of tuberculosis of Lie hip SoC tty | ee Ta 
may be an unnatural transparency of the head of the femur or of 
the acetabulum, due to demineralization. Absorption of the articular 
cartilages would be shown by an unnaturally close apposition between 


gait , pic- 


= a 7 a . a [ae Th rue HE i r= ‘ 
Fig. 68°.—Radiography of hip-joint with a compression band amd the auth ae a 
rg a ere : 4 a | Vs a a eo | Cag deat be fee GP See 
tunnel. in which the plate may be placed and changed for stereoscopte “hagerbiaie a 
moving the patient (page 056). The authors contact diaphragm should be Wert 

tact with the z-ray tube. 


the bony surfaces. Malposition is readily discovered. There miiy 
abscess-cavities or sequestra, the acetabular cavity may he enlare 
or the head and sometimes part of the neck of the femur n 
appeared. 

Lovett and Brown!’ report the results of radiogr: . 
eases of suspected hip disease. They examined the collection of ree" 
graphs which had been taken at their hospital for a mumber of yee’ 
and recorded the results before consulting the clinical histories. 1" 
radiographic diagnosis was found to Arree with the clinical diagnos? 
in all but Sof the cases. The cause of error in | case was the presen’ 
of an inguinal abscess, blurring the outline of the head and neces ¢ 


the femur in such a way as to cause it to be mistaken for tuberculost- 


£ 


graph Te study 


al 
mo 
a 





Pm. ¥. Med. Jour,, Jan, 28, 1{07. 








THE Z-RAY 


Two cases with normal radi: fraphic appearances prove 
hip disease; one lor ary months aN | the other for a vear 
rave ) 
nosed clinically. 
plates made for stone in the Dladder or other troubles 
Sixty-one cases were di 


t normal mudiorraphic apt arancs we 


Of these hips showed merely incidentally 1 


1 ‘8 (lagnosed from the radiographs my a 
disease, and this was confirmed by the clinical histories, both bef 
subsequent to toc making of the radiograph. 

rhe radiographic appearances in an carly stage, 
symptoms are Sensitiveness and muscular spasm, may 
ibly different from those of a normal hip. 

When limitation oj motion due to spasm occurred the radiographs 
showed evidences of bony aul rophy. The earhest eviulences of atr ry hy 
are diminished density and size of the bony shadow. 

liminished density f the bony shad 

Bony thickening is a reparative process, and Is sometimes seen at a 
later stage. 

“Reduced radiability” is the name given by Lovett and Brown 
oa condition in which the radiographic image is blurred or obscured: 
t oncdition in whicl hograph blurred or 
not merely faint from lack of denstty m the bones depicted. This 
condition may be due to the presence of thick serum, pus, or detritus 
inthe jomt. Similar material outside of the jomt will produce the same 
radiographic effect, and Lovett and Brown found it deceptive im a case 
of inguinal abscess. . 

Erosion or actual loss of bone substance was present im some cases, 
and was always shown by the radiograph. It varied from simple 
irresularity of the articulzr surface to cavities or complete absorption. 

Displacements Hesulfiing jrom Hip Ihsease.— bese ure grouped hy 
Ashley! in three classes, and he states that a good radiograph affords 
the only means of positively distinguishing between these. = 

In group A the proximal end of the femur rests well within the 
acetabulum. In group B the proximal end of the femur rests bear or 
upon the rim of the acetabulum. In group C the proximal end of the 
femur lies 1 inch or more from the acetabulum. ere the 

McCurdy's Transpelvic Line for Determining Dasplacement : me 
Hip.—tThis line may be applied to radiographs. A ine raha : if 
spines of the pubic bones passes outward across the normal ae 
the hip-joints and the top of the great trochanter. Displacement may 

i | Bad : | displacement is measured from a 
be above or below this line. Lateral displacement? | 1 passing through 
line drawn perpendicular to the transpelvie line and passing ™ 
the anterior superior spine of the ilum- ey he 

Fig. 683 ea the tip of the great sean cohee A el ae 
= =! 4 -f tho femur. and siderably above McCurdy s trans- 
top of the head of the femur, and considerabl) : ‘pra These 

eau : = crossed by this le. [bese 

Ivic line, while the head of the femur is crossed Dy meray 
‘sabdes a 4¢ the neck of the femur even | Lk 
facts would establish a phbie foo cei 

a oe . hone were not visibic. — Sa : ee ae 
break = — age Acetabulum.—The examination for this injury = 

en ee ats of the hip. The head of the femur may we 
the same a5 for eset rmnally and may obscure the image of the 
nearer the median line than norl™ surface of the pelvis here may show 
pelvis at this point. The mmer sul 


protrusion or splintering. 


Lar ¥. Med. Jour., March 10, 1908. 
9 jour. Orthop. Surgery, 1905. 
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Gourdon' published radiograph: showin om 
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a ji lincce woul +7 af congenital ‘7 Ls 1 
=a place atter hlcwilless rediiia Lich & : = ' 
take plac peas ior Spine of the [lium by 


Fracture of the Anterior Super aeieetc t, 
cular Action.—This condition was demonstrated in: 
* u 7 Le een rH en i ze Sy coy th Lt | La 

hy Bebec? Part of the pelvis may be shy ae 
= " * | ‘ a ff at Zz 1 if | i Ly La 
with the plate Upon the table, and LT 23 ~ id ‘i 
the pelvis turned a little toward Lo aba Seal 
he over the median line of the abcoOmen, me “pene geet 
Sea ae | be = ‘ 5 5 0 a + 41 i re Lince iii 144 
nubis. The anticathotde should be at & dlstcl 


el =e : e z E. a 
Fig. 653.—Seven months’ old fracture of peck of fermur with non-unien 
referred by Dr. KR. W. Eastman.) 


from the plate. <A suitable exposure would be one miunute, with 3 
penetration of No. 5 Benoist and an intensity of L Tousey, 0 thirt: 
seconds. with an intensity of 7 Tousey_ The latter requires ay pornnar) 
current of 1S amperes > een 
exposure. 

Congenital Dislocation of the Hi 
upon & radiograph, made with the p 
u Preace Med., Jam. 13, 1a). 

a. i. kel. Journal, Nov. 17, 1s. rachiograph by B. Plummer. 
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THE 27-RAY 


the plate underneath ; 
median line anid ] 


a-Tryy hie Yertically 
= = : b 2 ia = La | a3 fie hess Fa 1hit 
ly or IS inches for an Acuylt ‘rom tl 
A case had been eent ta T ae 
. ae Hsent to Dr. Kerlew a8 one of infantile arate’ 
SUIS To Line COnfFEn ial disloent e i Pe Le MTA iape 


hy 3 Witt cf ih a | : / Z Wh itearvd <a 

tase to the author for a radiograph. On the aaah ee 
7 _ | oo piel = Ieee! OL JTL Tne SO0undl sie +] 
the femur, still a senarate epi hvrsie:. an 7 EBS ae 
= iain, chee & = Leu La ‘LS OT s 


eh & 


phate Doecameli old, *” 15 S¢¢n In close contact with % 
the affected side there Was a distance of fully inch | ] 
tabulum sini Re heed ee eee ee saat” io Ct Ween thi 
aes and the he atl Of Lie TeMur. [The latéer rested uw on t] 

F Vo # wat a Line "iy Sees htt pew bt 
above the acetabulum. A glance at the HUOrOscopic Image 


5 = = 4) fa ees Rtas “= = auay 
_aigbhaame me ogee eh os ' P radiograph did 20 at once. The left hi 
eee ee ith the head of the femur in contact eith thi 
acetabulum, while the head of the right hip was about 1 sarily. |aturaee 
from the acetabulum and rested upon the ala of the ilium. be 
| METEOSCO DUC Radiographs of ‘ ‘ongenital Dislacation ar the Hin — 
These pictures, as pointed out by Hildebrand,! are useful as a means of 
showing the direction and extent of displacement im a sagittal or antero- 
posterior plane. Ordinary radiography would not show this displace- 
ment, but only lateral or vertical displacement. “ee 
A Case of Old Ununited Fracture of the Neck of the Femur. 
—The radiograph (Fig. 683) was made seven months after injury, 
during which time the patient had been walking around with a crutch. 


THE THIGH 

Fluoroscopic examination succeeds well In determining fracture, 
sarcoma, exostosis or necrosis of the femur, and in locatmg foreign 
bodies. The tube for such a fluoroscopic examimation should have a 
vacuum represented by a 3-inch resistance, No. 5 Benoist, the primary 
eurrent should be about 3 amperes with rapid mtermiptions, and care 
should be taken not to expose the patient to the z-ray more than two 
or three minutes with the anticathode at a distance of 10 Inches from 
The tube may be placed further away and several 
brief exposures made to cover the whole operation—removal or a for 
eign body or dressing a fracture. For the latter purpose it is very 
convenient to have the x-ray tube under the wooden table on which 


the nearest surface. 


the patient lies. : ; | 

In making a radiograph of the thigh either a lateral or an antero- 
posterior view may be shown. For the latter, the patient lies on his 
back. with an 11% 14-inch plate under the thigh, the anticathode oa 
rectly over the middle of the thigh and the middle of the plate, =} 
15 inches from the latter. The exposure would be forty seconds with 


15 amperes (i, Tousey) or 4 ! 


- = = 
wndred seconds with 10 amperes (20 


vacuum should be medium, about No. 5 of the Benorst 


Ea: abi f25 to 50 ma. and an inten- 
chochromometer. sey ae ee 
sity of } to 1 Tousey require an exposure of one to a apart Ay 
‘ a dinar : : 1 qo aaa + hen Lic Lilie’. : 
Intensif ying 2° TEC Tl reclucestheir Se hes ela ee Chae showed a 
= Faget, ee 7s or i at St. bAPUOMIew S a thd ee 
radiograph made by the author fe ee anand after twelve days 
bullet Sattened out on the femur. This “barrtmy eee fin alter the 
by means of the Hucroscope, 4 pect gy Y te ni nother hospital 
b = r a = . . are Fe Lis z ae Tee 
eee ceed by the foreeps. Attempts : 
bullet had been seized by the Ic dei: Nn 2a 600 
i Centralblatt. f. Chir. June 16, 1900, No. 24, p. 0 
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fo locate the bullet by probing had tailed. The reason was that 
bullet had elanced along the femur to a place where i was Moved 
dense fascia. 

For a lateral view of the thigh the plate may be applied 
yeniently to the inner side of the thigh, the patient bring ot 
with the plate pressed between the two limbs. The author é 
plate-holder enables the patient to lie face up with the plate held 
either the outer or the inner side of the thich. 

The Author's Lateral Plate-holder in Radiography of the 
Thigh.—This I= especially uzetul because it affords an opportunit 
to make a preliminary fluoroscopic examination with a view to placing 
the limb in the best position. For this purpose the paticnt may sit up 
on the operating table, with the affected limb resting on the horizontal 
leg-piece, while the other limb extends vertically downward, or 
patient may stand beside any ordinary table with the sound foot 
resting on the ground and the affected thizh resting on the table. 
The tube is at the s1de, aWwiy from the table, and the plate 1 held in a 
vertical position at the other side of the thigh. It does not matter 
whether this is the inside or the outside of the imb. A glance with the 
fluoroscope while the limb is rotated in different directions would reveal 
the lesion, and show the best position in which to make the radiograph 
The case referred to above was one of oblique fracture of the femu 
without complete solution of contmuity, but with a sharp projecting 
sliver of bone which irritated the soft tissues. “There was also a fracture 
of the neck of the femur. 

A preliminary fluoroscopic examination will also enable us to avoid 
ihe error in the diagnosis of a fracture into which a single radiograph 
might lead us if it chanced that the rays passed in the same plane as 
that in which the fragments were bent. The bone would appear 
perfectly straight in this position, whereas, seen from any other direc- 
tion, it would show deformity. To represent the condition truly the 
x-ray should shine through the thigh at a right angle to the plane in 
which the two fragments lie. It ts better to secure this position by 
adjustment under the guidance of the fluoroscope, and then to take one 
correct radiograph, than to depend even upon two radiographs— 
anteroposterior and lateral. ; 

The upper part of the femur requires the same intensity and quality 
of radiance and the same length of exposure as the hip-joint, while the 
lower part of the thigh affords a better picture in half the time. 


a 


IT 


RADIOSCOPY OF THE KNEE 

The knee may be studied with the fluoroseope, and fracture of the 
patella or bony changes trom tubercular arthritis recognized. A lateral 
view is the most useful one. Still it must be remembered that It is a 
thick dense portion and that the illumination required is powerful, 
and consequently no prolonged examination should be mia le. The 
radiograph of the knee is usually taken in the lateral direction, ancl if 
the plate is at the inner side the internal condyle will show most. clearly, 
the external condyle appearing larger anil less distinet. Placing the 
plate at the outside wil five a better picture of the external condvic. 
The anticathode should be at a distance of 12 to 15 inches vertict lly 
above the center of the plate, and this peoirt should corres md to a point 
just posterior to the plane of the patella and just below the level of the 
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be een No. 5 Benoist padinin kes 
xyeen Injections pont diometer. 
graph in two ways—the bony Sets other gas improves the radio- 
asi it were a skeleton mee; the soft parts aleg men ate 28 Clearly 
an extent impossible tinder onal TG fe pth cela bé differentiated tir, 
such radiographs. wy Conditions. Hoffa!’ has published 
Hofia’s method Te La have the oA y= 
Fen fas generate In a tank of hyvdro- 
it peroxid to which tablets of potas- 
Slim perianganate are added. An 
aseptic injection of oxygen was at first 
thought to be harmless and even bene- 
ficial in certain cases (Fig, 684). 
Danger of Oxygen Injection into 
Joints.— Jacobson" reports a fatal case 
which was attributed to nervous shock. 
Holzknecht has had a similar expe- 
mence. In Hoffa’s clinic pains are 
taken to see that the oxygen is chemi- 
cally pure, and that the injection ceases 
the moment the synovial cavity is full. 
Schwartz considers an Esmarch band- 
age a necessary precaution against the 
Pas entering a vein. 
Radiography of the Patella.—The 
author's screen for soft rays comes into 
play in making a radiograph of the 
patella with the plate in front, directly 
in contact with the patella, and the | 
tube close behind the kmee. We se- 5.) g54 —Apparatus for injecting 
cure in this way a picture of the patella | oxygen inte joints. 
as it would appear if laid bare and SP pene 
looked at from in front. Such a picture would be of value pansy - 
fracture of the patella. As explained on p. BSS; sie even ie ; ra 
enables the tube to be safely placed so near the ois : Se i sete ee 
the image of the portions at 4 greater ethecasiitlatt : Fre ahe cleave 
larged and indistinct as to form merely los apo a ives o still 
image of the patella. The author Piece : nporAage pIveS oS 
clearer radiograph of the patella oF she Lericyeoee ohoff’s experiments’ 
Fracture of the Patella.—<Accorang veo natella which would 
7 ja aes ‘iosteal fractures of the patella which 
the zray reveals subperios ay. Such a fracture, without rupture of 
fv diagnosis in any other way. © pe ae PE ally caused by 
ena expansion of the quadriceps tendon, 1s usually caused b) 
A. Kili foch., July 6, 1906. _ on 
+ Arch, Ca ecet med, Apel 10, 1007, Pe Get. 13, 1908, p. 1177. 
4 Jour, Am. Med. Aso. vol. xiv, 
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direct violence, and starts from within the bone and is + idest at 
articular surface. This type of fracture &@ one in which bony union 
may be expected without operative treatment. | 
 Barlocher' reports the z-ray demonstration of bony union in the 
patella in cases operated upon as follows: A median incision is mace 
and the blood clots cleaned out, the tear In the capsule i closed by 
sutures AL each eile of the patella, and a row of sutures is taken, which 
include the periosteum and posterior wall of the prepatellar bursa. 

A Case of Bony Union After Fracture of the Patella.—The patient, 
ct | distinguished SuUreCon, sustainext a TTacocure oi the PAtTCLIA Irom Uirect 
violence, falling and striking his knee on the stone pavement, twelve 
vears before a radiograph was made. The z-rav examination 
made because of pain in the knee, but the picture revealed no abnor- 
mality except a small aren of ossification in the quadnceps extensor 
tendon close to its attachment to the patella. 

Dislocation of the Patella.—This condition of lateral displa 


cement 


of the patella may be shown in a lateral radiograph made with the knee 


the tube 


flexed or in a radiograph made with the plate in front and 
behind. In the lateral view the patella is seen overlapping the ima; 


of the condyles Instead of projecting m front of them. The antero- 
pasteror radiograph will also show the displacement better in a posi- 


tion of flexion. Chevrier? publishes radiographs of this condit ‘On. 

Radiography of Genu Valgum or Knock-knee.—The deformity 
-. shown to consist in an inward convexity, usually of the upper end 
of the tibia, sometimes of the lower end of the femur, and occasionally 
of both. The deformity is seldom, if ever, at the knee-joint. Hoffman’ 
finds the radiograph of value in determining the location of the curva- 
ture and the correct place to exert pressure by a brace. The latter 
should press on the abmormal curve and not on the knee. 


RADIOGRAPHY OF BOW-LEGS 


This shows that the deformity is due to curvature, either of the 
tibia or femur or both, and not to bending at the knee. Fig. 720, p. 
1012, shows just where pressure by a brace should be applied. The 
radiograph would show where to perform an osteotomy in an older 
child for whom the brace would not do any good. 


RADIOSCOPY OF THE LEG 


The leg could he eXAMmIned with Tt he fluoroscope FACED for the dancer, 
and fractures, tumors, and foreign bodies are the principal condition= 
etucdied. A convenient Position is the patient standing with the foot 
Testing upon a chair, the x-ray tube being at the inner side of the leg and 
a little behind it. This enables one to see the tibia and fibula without 
overlapping. ‘The same position can be used for radiography, in which 
ease except for the danger we would take a glance with the fluoroscope 
to make sure that the shadows of the two bones show separately, anc 
then hold the plate in position at the outside and a little in front of the 
leg. A possible disadvantage is that the patient may not keep perfectly 
still. Another method consists In having the patient lic down on & table, 

' Corresphl. f. Schweiz. Actize., Feb. 15, 1003. 

? Presee Aled. March 30, 197. 

ies: Beating An Orthoped. Asaoc., August 16, 1906; Jour. Am. Med 
Ameo. Sel 5, LOG, p. Sl. 
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with the leg resting upon the plate, and taking one picture almost direct! 
anteroposteriorly, but with the leg rotated inward a little, and another 
picture almost directly from the side. In the last case cither side of the 
leg and foot may rest upon the plate. Distance from anticathode to oI 


15 inches, exposure forty seconds with 12 amperes (ys Tousey), or fifteen 





Fig. 655.— Fracture of tibia and fibula after complet 
seconds with 15 amperes (7; Tousey), or with a transformer 20 ml. 
Tousey), five seconds, vacuum mie lium, radiometer No. 4 Benoist. 

Che author's lateral plate-holder makes it very easy to secure the 
COrmnEC Position, with the tibia and fibula showing eeparate shadows. 
The knee and ankle are supported on books, leaving the portion of the 
leg to be radiographed entirely free. | | 





"There are Cis, howe Ver, in Ww hie h the cli formity or other lesion 
eorrectly shown from this direction—t. ¢., with the ray passing thi 
the interosseous Sspece and the pols ite either in fron! or bel in 
which the idea of sec unng separate shadows of the two bones h: 
abandoned. Even then, if the plate is external and the EXPosure | 
strong, the outline of the fibula may be seen on the background 
tibia. —Theupper: and lower parts of the fibula are easily shown in this wa 
A Case of Simple Fracture of Tibia and Fibula United With Slight 
Malposition.— The radiograph (Fig. G85) was taken as proof of 
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TALL of the Injury im a suit ALFTLLELST the Con paay ape 
nechwient : and not on account of ; any complaint SLM ELsT the 
trented the case. A radiograph froin miloLtoer clire 
angular deformity. ret 
A Case of Simple Fracture of Tibia and Fibula After Union in Mal- 
position.— The fracture had been a COMMIEL ated one, ¢nG Che sep! ott 
who dressed the injury had made an inci! ion and men’s ed [rag 
bone and placed the ends in good appos ation. The bom 
Slipped At Some a beac Went dressing. for the raqiegrap! 
taken six months later, shows marked lateral isplacemet 
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ments of both bones and some overnding and shortening. ‘T 
ehows what can be done with a high-frequency outht. 

Pott’s Fracture.—This fracture of the fibula 1 or 2 inches above its 
lower extremity is frequently accompanied by a fracture of the ints ca 
malleolus of the tibia and sometimes by laceration of the internal lat. a 
ligament. The deformity & produced by a bending directly to the 
outer side and the correct radiograph is one made in an anter Brena aess 
The tube should be in front and 1 inch above the level af 

The foot 1s fully extended, so as to avoid contact 
with the tube. The plate is placed behind the ankle and heel. The 
heel is in the way, as 1t means that the plate is 1 inch further from the 
fibula than if the plate were held close to the back of the ankle above 
the heel. The latter position would enable us to show a fracture a couple 
of inches above the malleolus, but not the lowest part of the tibia, which 


clirection. 
the ankle-jort. 


it is also Important to show. 
The author’s lateral plate-holder is of great service here. The 
patient les on the operating table, with the foot extended and tts inner 


a 


4 E. F a — | TREE mo. a 2 ea i . a i . = 
Fig. 657.—Kadigraphy in Pott's fracture. The author's lateral plute-helder. Tube 
enclosed in a Hipperger shiclel, 


surface resting on a book. The vertical part of the lateral plate-holder 
(Fig. 687) holds the plate behind the foot, and the tube is placed in 
front and at a distance of 13 inches from the anticathode to the plate. 
“ preliminary iuoroscopic examination is faciltated by the use of this 
i Seago (Fig. 6385), but 1 extremely dangerous to the OPCrator The 
intensity being yz Tousey (produced, for mstance, by a [2-inch induc- 
tion-coil with a Wehnelt interrupter and a primary current of 18 am- 
Peres) and the penetration Moe. 6 Benoit, the exposure worl be sen 
minute unless the ankle were in plaster of Paris. A transformer current 
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te - ut - ia halth a ' "st hi 
Fie. €55.—Flouorescopy of the ankle preliminary to rauroerapoy with 
ep TT holder. An extremely dangerous practice 


a: 6S. — Ateneo poeta Pathe py al | neglect Pak” re ee Ebr HH Utes 


Lk. & 


Pia et he [euttvaerta “ C Vins : 





Fic. 6°3).—Lateral ridicgruph of ocelected Pott's fracture (Dr. H. E. Wise. St. 
meow s (Clinic). 


of 60,000 volts and 25 ma., producing } Tousey, would require an expo- 
sure of about five seconds. 


FLUOROSCOPY AND RADIOGRAPHY OF THE FOOT 


Fluoroscopy of the foot is useful principally in the diagnosis of 
fractures of the metatarsal bones and the phalanges, and in the location 
of foreign bodies. Other conditions mm the foot are better studied 
from the radiograph. In making the latter there are several different 
positions. Thus, tor the toes and metatarsus and anterior part of the 
carpus, the cole of the foot rests upon the plate with the ankle fully 
extended, so that the leg is drawn well back. The anticathode is 
vertically over the middle of the foot, at a distance of 12 inches from 
the plate. For the ankle-joint and the articulation between the az- 
tragalus and the os ealcis the foot is turned so that the inner marcin 
and part of the sole rest upon the plate, and a compression cylinder 
is used (Fig. 691). For diagnosis of flat-foot the inner side of the foot 
ami ankle rest upon the plate, in a3 nearly a natural position as possti- 
ble, and with the tube vertically over the prominent base of the fifth 
metatarsal bone. 

Hallux Valgus.—Figs. 692-695 illustrate a case of hallux valgus 
operated upon by the author at St. Bartholomew's Clinic and reported 
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- the New York Medical Journal. ace arta etal 
the va almost crippled by the exaggerated deformity of both feet 


the radiograph showing | 
corresponding metal S- Hage 

a 5 ~ " ; r =o a , 1? 1 
a wedge-shaped secon 0 the d ae oe 
hoth bones to be brought mto a correct line. 


The operation consisted in cutting out 


The kodak picture show 


Fig HO — Finals | 

aoeraphy of the foot with compression cylinder, 
the deformity ich | 
the de lity, Which look 
jiunt, but the z-ray eae 
of | the operation he is 
smashing baggage at ¢ 


Ch ra i “I 2% arith 
anatomic SPecimens and in rad} 


like = ia a - 

once roaat swellmge or bunion on the great tot 

he Grand C = _ his feet eighteen hours a lay 
ae sta Station, 

our ae These have been studied m 


Wright, Jour. Ato. Mud, A 


‘The patient, a young man if twenty- 
hat the great toe Was ata Tight angle to the 


ad of the metatarsal bone. This enabled 


"las 
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Phe r-TAay is Valuahle in cases of deformity thie fe 


to operative treatment or to the application of the yu 
Stuppeort 


be I r ‘a L.. : a | c 1 
A geist of faines aqwinis Ws radiograp hed with the ewh 
r : 3 


resting upon a plate placed horzontally on the tabl 
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child lay. ‘The tube was vertically over the opposite side of the toot. 
My radiograph showed that the long bones ol the foot were almost im a 


a 
- 


straight line with those of the leg. 
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Fir. 603.—Hallux valgus after operation on on 
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Fig. 64.—Hallut valeus alter operation on tsoth feck. 


A. cas@ Was examined for pocsible fracture of some bone in the tar=us 


The foot was deformed in consequence of infantile paralysis producme 
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MMIpes epMIMis When the man wa: 
but when he won 


| < T P 1 
i POCcluly constricted « 


eal ] a 1 | Pa 1 
Radiograph of hallux valeu ration « 
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oe ie ite 


part in athletic contests. it was at such a 


L L Lis 


Was received which necessitated 


| : aks th Brown's high-frequeney apparatias, 
rin or * : 7 af atnrsal hi fpr it ake Ci tee 
Fig. 606.—Fracture of mi Salem, biases). 


was found The patient had designe! 8 mos! serviceable shiuim, which 


did not look unnatural O© the outside. There was t pac insrche wince 
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the heel and tarsus and under the outer side of the metatarsus, while 
the inner side of the metatarsus was allowed to come down into contact 
with the sole of the shoe. The rach yeraph showed that the inner meta- 
tarsals were strongly flexed, while the outer ones were not, and the og 
ealcis did not nearly reach the gr mained. Benois radiochromomneter 
was lal upon. one corner of the 
plate to register the degree of 
penctration of the z-ray. This 
proved to be No. S Benoist and 
acemecd to be excellent. 

Fracture of the Tarsal 
Bones.—TLhis condition 1s hest 
shown In a rathiograph taken 
with the plate against the inner 
sicle ot the tcvot, which is to be 
invertecl. with the tube at the 

eet. outer side. The use of the 

Fic. 697.—Fracture atte phalanx of the Little author’s lateral plate-holder en- 

n> ables one to make @ preliminary 

fluoroscopic examination and place the tube m such a position that the 

ray will shine through between the bones and show their images sepa- 

rately. The toes are pointed upward and the heel should rest on a book, 
The photographie plate is placed vertically beside the foot. 

Fracture of the Metatarsal Bones.—Jhis injury often presents 
the same difficulty as a similar injury in the hand; due to the fact that 
the displacement is apt to be in a dorsoplantar plane, the one usually 
traversed by the z-ray. 


a 


Fig. 695.—Congenital abeenee of the terminal phalanx We the great toe 
Bp. Case of Fracture of a Phalanx of a Toe.—The young lady, whose 
ble eased Rig. i z caught her foot in her cress, and as she stum- 
“ “renders her foot violently against the ch hOT=—eost. she was in her 
T Gice a ae all the foree was received by the little toe. 
ee ae Absence of Last Phalanx reat Toe.— Fig. 698 illus- 
trates this condition. 3 of Great -—Fig. 698 illu 
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THE wu PPER EXTREM 
XTREMITY 
In a small or medium-sized : 


ceeds fairly well about the shoulder. Fractures of examinat soma ‘ies: 
dislocations at the shoul, ee sain sri , | ‘ ) 
scapula and clavi icle are more diff ie ali with the i sae rtnee, OF: tite 
the different diseases of th, shoul der-joir ¢ fluoroseope, and go are 
sitting or standing. the + Ra binin, Mder-joint The 
with its amt reset hode st the level of the outer enc of ¢h Peery 
about 10 inches from ope nearest Surtace, "T'] : area ated 
behind and somewhat to | ide of the she. ‘ 

Fluoroscopy of the a aft of ee humerus prese nts no difficulties 
except in very large pe BONE and in one of the aut we ME es 
fracture of the humerus vy as dressed under direct observation by che 
xray. In this case the contraction of the different muscles caused eucl 
an overriding of the oblique surfaces that a good result could hardly 
have been obt ane “loin any other w u LPC 


= iE Lae Lumen Ss ariel 


a *4 . wb 1, 
PAtiCnt Showlcl be 


in front eric near the melian 


| 
fluoroscope he 


sho! li lor. 


= ore Srey, ey bt : 
hors 4 iS a OOM Ue 


ey. 
Fluoroscopic examination 1s much less successful about the ele. 
joint. The effusion which is present in cases of recent injury has the 


oT 


front sm ; plate behind. (ase of ehronie rhei- 


ig. 699.—Flbow. N-ray tube = re 
Fig ji ¥ F “ fe } ii WiTcir Tbe ryt. Elbow ES Sears DE ill TEL Dee 


matiem with swelling of the stu ath of t 
fraph. 
" | .  bep Li} ye +} ro] a nek ate 
fect of making the r- ray mas cloudy, and in any case the thicknes 
; 1. r i at j kT 
and close relation of the bone s about the elbow joint make radiograph 


the preferable Te thod of examin: " as Pays 
The forearm, wrist, and ‘hh are simple objects for finoro eco ple 
a ’ ee a 1 - fa, - Lt =5= |. ; j ACL laser 
examination, but even here rTadtofrap shy is the meth od for re ih ‘re 
Neasis yy ery many times 2 neediic May be searched ing b In Vl " aa = 
= f 4c gtd co j 
fluoroscope and be reve nla : by a raciograph, aay ing been com 


the clense bones of t he ca Pps E ven one of the less peri ect rack IgTApNS, 
bs. | Li ub q [val “k 
made directly on bro mid paper and developed ¥ vitho prareh tan or 


roe, 
1 = fr ta Th whic “hi the uoroscepe Fal a 
may succeed in a cas me thesia -wnt had het ter lie on his back, 


oat la f a 

In eeinoranhing the shoulder | Z the outer edge of the 
With the plate uncer thc afTe cite ie] zhon wlder, BA th | a er , the 
.¢able. so as to be at a right angle to the 

ms what from the ta ‘ “atl 
eee iho a Th The i il ilk Ee pil (aa =i} th Hi ifs TL bie: ce ee 13 

i . " c J i t r 
vertically over a point 9 inches internally to the a romioclavieular 


art li i | ancl 1s mec he fro li both shoulders are taken 
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for comparison if 14 best to take them at the same tim 
over the TITRA ED line, at a point corresponding to the level 
elavicular articulations, and a single larce plate Trek} he 
ably, two 10 12-inch plates, so that cach may be tiy 
a aS tO directly face the tube. 


7 = . = L = : y : 
M—Elbow so painful that it could not be fully extended 


bes hii] Dinphracin eno boved. 


Such a picture shows the clavicle very well, but. of course, not 50 


well as a rachograph taken with the plate in front of the shoulder ar cl 
the tube behind, and at about the level of the acromioclavicular articula- 
aon, and 3 inches from the median line, and 18 inches from the plate. 
Lhe length of €XPOSUPC for _ shoulder radiograph will vary W 4 ly the ieas 


of the Patient * it is from One hunclre<d tii ra hundred anc Hi 1 Seon ds with 
10 amperes (primary current in an induction-coil with electrolytic 








THE T-RAY 
interrupter), or trom forty to liunelreel 
two to four minutes with 
should be medium, fr 


' seconds with 12 MN DeTeES., 
_) amperes of primary current. Th 

- it Soree to six of the radiometer | Benoit 
radiance is socn Upon the inorascopic screen should 
mtensity may be even stronger, tri Tousey, and the 
to thirty seconds. A transformer with high-tensi 
necessary exposure to a few seconds. | 

If an anteroposterior view of the humerus is require! the patient had 
better lie upon his back with the arm somewhat ablueted, the plate nee 
hot be Jarger than Sx 10 inches, the point of chicf j 23 ee 
the center of the plate, and 


inches from the pDinte. 


or 
' YACIOM 
sane the 
ba orilliant. thy 
CXposure reduces 


on rectifier recluces the 


‘hic LLerest th ino 4 
the anticathode over the same point and 13 
Vacuum nedium, Tadiometer No, 


rh t rt 
atOD | benost 


scronds with 10 amperes. ten 


= : : : a ; . 
resistance 14 to 3 inches, exposure sixty 


Fig 701 —Lateral rac Fitae=) ei of normal law Pe a Aah rat eight years ; a. pce — 
of humerus neified but not united. This might be mistaken for an epiphyseal disstssi 
(Dr. H.E. Wise, St. Bart holomew's (limit). 


seconds with 18 amperes, or twenty seconds with 15 vragnaha nase 
ro fae he et | id a Phas it = oo ae ye ahr 7. cy) ami 
+ Tousey. The above figures are A het ar adult (Pig. 699) 
avy be modified for =m: ‘eons and chilciren. . 
td be modified for small px spe oA e side it is not necessary that the 
To radiograph the humerus trom the side it 1s not! 3 7 Fc sada 
patient ahowlel ie down: the plate is held between the ieee Le Ayr 
of the body, the tube being at the outside of the arm; otherwise the 
process is the game as for an anteroposterior flay a position of exten- 
The elbow is radiographed entero Ms a sea conta sere 
Carrs ter ‘ting upon the plate, which 8 tab mf Tab 
' i e dorsum resting Upon fl ae Senna 2, aS eee 
ane oe rye the patient sits ( Pigs. boo and f00), or a late ral pier 
Sa. Seg i an with the elbow semiflexed and its inner surface resting uF 
ey. be | Ve 701) "There is one position in which the head of the radius 
Se: ther bone which take part in the elbow-joint can be shown 
amd the o ones wil 7 
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separately (Fig. 702). The elbow and forearm should rest upon a table, 
before which the patient is seated. The hand is pronated and rests on 
the table. The elbow is partly flexed and the elbow as a whole | 
rotated inward as far as possible. A thin soft pad is placed over the 
elbow and the Albers Schonberg compression cylinder is applied to 
immobilize the elbow in this somewhat st rained position. The x-ray 


tube is somewhat toward the outer side. In either ease a 10% 12-inch 
plate 1s used, and care is taken to place the anticathode directly 


LL De 
Lee 


the space het ween the articular surfaces of the humerus ariel radius. 
Distance 13 inches, Tacluum medium ir low, 2#to4 racliometer, EX POSure 


ee a : = 
a, K oh a thoes anteroposterior radiograph of normal elbow in : 

al Ne rom PT ae om Da trbe runs ossifiedd, bes rnant Lites This condition taight 
tn kare = an tnets:; &, internal ronmiv le aL yo ter F f, F = ies ‘7 * = a 
ternal condyle shows none (Dr. H. E. Wise: St. Bartholomew’. Clinic\. 


forty BeCOrens wath LO atiperes, OF ten seconds with 15 amperes (inten- 
SuUy Ye Tousey), or three nnttes with 6 amperes, or five seconds 
with a transformer current of 60.000 volts and 25 ma. (intensity 4 
Tousey). . Wit: Ag aul Tilst. 1 Cink’ 

For the foreanm the patient sits xt 
arm resting on the plate. 
length of both radius 


& table with the supinated fore- 
| An 8>10inch plate will show the whole 
the center of the plat a Ses (Eig. 703). The tube should be over 
plate 13 j ch ABE i and the distance Irom the anticathode to the 
(ashen - Exposure about two-thirds the time rex ured for the 
elbow with each strength of Current | 

For the Wrist the conediti . ‘ 


Lions 
hand pens 


a - : are the same as for 
Tally being flat upon 


; | the forearm, the 
the table in a position of pronation 
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(Fig. 704). Sometimes, however, the displacement of the fragments 
in & Colles’ fracture is better shown if the racial side of the wnt 
arainst the plate and the ulnar side away from it. This position re 
quires that the plate shall be held vertically and the wrist supported 
against it. lf this cannot be conveniently done, almost as rrwwl «4 


Le 


ry is: CEE! elheow oad fomenrnn Siress mace! feerecrem fesetie <0 


1 


3 >may be obtained by laying the plate upon a table and resting 
. eacdial border ol the tucarnal euril Wrist 
nearer the plate rye the clearet LEvhhere, and this & the reseon the rial 


side should be next to the plate in taking a lateral view of a Colles 


Tia fle rf "Thc norton wh h Ls 


fracture 
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The Best Technic for a Lateral “Staab of the Wrist in Colles’ 
Fracture.— The x-ray tube provided Wi th ont th t's contact din pheaam 
with a 2-inch orifice 15 enclosed 1m cn epee aioe Lik the Ripperger shield 
The apparatus is inverted and the oR ; HE a en the WTISt rests upon np 
large piece i eole leather which tie vist , ar ah Li ic dlists) end of the 
largest evlinder attached to the oe ii I fecact he) wh through the 
wrist with the fluoroscopy: the hand = ol ae y Supra te |. Wy ne 4, 
the dorsal profile of the radius free ao hae Se Mie winAr. A little pra. 
tice will enable one to dispense with the Buoroscopy so dangerous 4 
opera tor. The plate is then Laid over the bh eh al Tu res tS Lip in t Lh 
laid alongside the wrist. The radiograph shows the condition 
radius at a rlance, but must be mterpreted with caution as to the 


= 


=m —— 7 


Fig. TM —Stspected Colles’ fracture. Hane prone upon the plate. | brant 
of several finger-joints ; 
dome! : the pisiform bone and an apparent subluxation « 
Radic of ee these appearances are normal in this view of the ¥ i 
monly or spars of the carpus, metacarpus, and phalanges are °° 
h sagt ke =a the palm of the hand flat upon the plate. ifthe wir 
; “os = aoe the tube should be far enough away to shine ete’ 
anticathoc let surfaces of the Gifferent joints. Eleven inches from © 
would be fix = tie plateisthe minimum. At this distance the expo" 
or thirty ek en with 18 amperes, or ten seconds with 10 amy" 
be medium o Th bs ia TOI Le with 6 amperes, and the vacuum = 
A lateral sien ae rice hege nee 1 or 2 iMches, and radiometer = ‘ 
ractures or dHisiocat Mwidual fingers is often useful in the diagt =" 
A. bromid-pa ations and in locating foreign bodies. | 
yaper print, made directly with an exposure of 
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fifty sccomes with 10 amperes and a medium vacuum, is especially Haeful 
In tray examination of the hand. It ean be developed in the operating 
PU by simply darkening the room moderately, ane the whole ‘ rt 
takes less than five minutes. The image is better than that visil 
the Huoroscope, and can be studied for any leneth of time thie avoid x 
the dangers attendant upon a prolonged fluoroscopic ae ray Cpa 

The Albers Schonberg Compression Cylinder in Radiography 
of the Upper Extremity.—aAs indicated in the case of radioeranhy 
of the elbow, the compression cylinder is useful for immohbilizine the 
part to be radiographed—hand, wrist, forearm, elbow, arm, or <hou!- 
der. It 1s useful for improving the definition in radiorraphs of the 
shoulder or elbow, but elsewhere in the upper extremity all the neces- 
sary detail may be obtained without it. 

Other Convenient Methods of Immobilization of the Upper 
Extremity.—sand-bars may be lard alone both sides of the limb. 
The bags in which 5 or 10 pounds of salt are sold serve very well for 
this purpose. The salt itself is all mght at first, but it becomes hard 
and inflexible after exposure to a damp atmosphere. Sand always 
remains soft, and adapts tteelf to any surface which it rests against, — 

A device suggested by Johnston’ consists of a long cloth bag at 
each end of which is 10 pounds of shot. The bag ts laid across the limb, 
and the heavy ends hang over the sides of the table. 

The author and some other operators use a special but extremely 
simple bandage for immobilization. A wide banda 


= i i = 
rg s . rt Trey 
ee & 15 anf Pe ror om tS 


Process 
He with 


mination. 


inches near the middle, one end is f 


astened at one side of the table- 
the bandave 1s carned over the limb, completely around it, and tl 
through the opening in the bandare where it crosses orer, not unier 
the limb, and thence to the opposite side of the table where it is draw 


| 7 
i le | 
| | 


lI Lyi al 
tirht and fastened. This has the advantage of preventing rotation 
and lateral displacement of the limb, as-well as preventing it from being 
raised from the table. 


Congenital Lesions of the Upper Extremity Revealed by the 
at-Ray.—JoachimsthaF gives thirty-three excellent radiographs ilus- 
trating these different conditions. o 

Congenital dislocation of the shoulder ts quite & rare condition, 
only one-twentieth as frequent as congenital dislocation of the hip. 
A case reported by Porter, and also seen by Ridlon, shows that the 
radiographic appearance is not as stoking as might be expected. [he 
image of the affected shoulder should be compared with that of the 
acnind shoulder made in the same position, or, in case of both shoulders 


7 7 


being affected, the shoulder of a normal child of the same age should be 
radiographed for COMmparison. | - hee 
Congenital Epiphyseal Injury at the Upper Extremity of ‘is 
Humerus.—aA case under the author's care illustrates the raci ere phi 
diagnosis of congenital injuries at the shoulder (Figs. 70> and once 
The patient, a boy of seven, was said to have been taken bv ae ae 
arm sod thrown across the room by the doctor when he Was Dorn. 
He was never able to move his left ann afterward. When examined 
there was found to be no movement at the shoulder-joint. The arm 
could be moved only to the extent of movement of the scapula, if could 
i Am. Quarterly of Roentgenology, 1907 ae 
? Fort. a. d. Ged. d. Roentgen., 1900, Supplement Xo. © 
as ¥. Med. Journal, August Is, 188) 
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not be placed vertically at the side of the head, and the hand could 
not be put behind the bovw's back. Muscular power was good and the 


Fig. 705 —Congemial epiphyscal injury to ahoulder. Patient now seven year 
boy could climb a tree. The left shoulder looked as tf dislocated. 
There was the sharp tip of the acromion process and below this a hol- 


A 


Fig. 704.—Nonnal shoulder. Same case as Fig. TOS. 


eee head of the humerus, however, could not be felt eithe 
fest OF inside the glenoid fossa. A radiograph was made of ty 
two shoulders, with the tube in the median line in front and a plat 
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behind each shoulder. The head of the humerus on the sound side 
looked as large as a hen’s egg: it filled the glenoid cavity and the space 
below the acTomion process and projected beyond the latter, The 
shaft ol the righ t humerus was large and well developed. The rarclio- 
graphic image on the left side was radically different: the head of hin 
humerus was represented by a little knob, 4 inch in diameter. perched 
on top of the upper end of the shaft, which was hardly two-thirds the 
normal thickness. The little deformed head of the humerus was in the 
natural position, but did not nearly fill the space beneath the acromion 
process. 

There was not the material for a normal shoulder-joint, and the 
author's advice was to leave the shoulder alone. Dr. Lorenz. of Vienna. 
who was shown the radiographs at St. Bartholomew's Clinic, also said 
“Nothing to be done.” | : 

supernumerary bones in any part of the upper extremity are 
readily studied by means of the r-ray. Two humeri, two ulnm. and 
radu, or an abnormal number of metacarpal bones or phalanges, are 


Fig. 707.—Congenital deformity of the hands 


found in different cases. The mformation thus obtained may some- 
times be put to practical use in deciding on the proper surgical treat- 
ment. Such a case is reported by Markoe! Fig. 707, drawn from the 
skiagraph, shows a od PC TLE ray metacarpal bone placed Trains Vers ly 
and separating the heads of the second and third metacarpals widely. 
The second picture shows the improved shape of the hand after r moval 
of the supernumerary bere. : 
Lund? shows interesting radiographic studies of cases of congenital 
i Bulletin Lying-in Hoeepital, 106, p. 67 
? Med. and Sure. Reports, Boston City Hoep., LOO. 
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deformity of the phalan 


: te malformations. Br pt: 
radius, and similar mal f reduplication of the inder-fiy,,,, 


f.ne-eo! reported a case of ’ oar! 
Motsfure showed that the corresponding metacarpal bone 
Soy ee eeal as well as a distal epiphysis. The second metsesrp, 
S eented this peculiarity, and upon this he founded the classi; 
De this ad a supernumerary mdex-anger instead of a supern;; 


thumb with three phalanges. Before the introduction of + 


res, congenital absence of the Sip) iln 


a - had been reported, and they had been classified jnijsi;., 


4s extr thumbs with three phalanges OF 25 extra im lex-fincers. 
Somewhat different 1s the case shown in Pig. 708 (radicer 


Dr. MecKenmie at the Vanderbilt Clinic). Here there were app, 


ed 


Fig. 5.—Douhle thumb 


(wo thumbs. 
es MOG OF thean ey 
msl Dhelwn. of 1 ; =u SP Ming as 9 ort ie awectncre T 
ee a the thumi care aT [ exostosis 0 
= Was Dxed in a Pasitic true baad a single, distal phalanx ©! 
Varnous ; oe Se 
r, 1‘ a = i : es. in the 3 ; 
IL Te od Wks he ‘—<—- pus.— Th me hee beeen SE tpt 
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lateral ‘displacement, The dingnosis 1a hase] upon the presener of ; 
sharp line across the bone. The portion above the line is broader thi = 
the portion below and its Square comer project on cach side Toa 
s Pract ure of the greater tuberosity of the humerus should. panrinaies ms 
Meszytka, be looked for in all doubtful cases of injury sirnilabide 
subluxation of the shoulder. The radiograph should be made with the 
plate under the shoulder, which is slightly raised by a etishiion | The 
arm should be adducted and rotated outward. It should be Gxed 
in position, and the exposure should, if possible, be so short as to en- 
able the patient to hold his breath during its continuance. | 

A case of supposed dislocation of the shoulder was subsequently 
shown by the z-ray to be a fracture of the surgical neck of the a 
with displacement outward of the upper fragment and inner displace- 
ment of the lower fragment. The case had been treated as one of dic. 


location; there had been union in malposition, and the case formed 


the basis of a law-suit against the physician, in England, who had 
taken care of it! 

Fractures of the shaft of the humerus are readily inspected by the 
z-ray and the possible overriding and bending may be avoided by ap- 
plying the dressing under z-ray puidance. Vi ba 

Fractures of the lower extremly of the humerus present several different 
forms, and the fluoroscopic mage will be found of the greatest possible 
assistance in setting the fragments mto position. This may make the 
difference between a permanently impaired elbow-joint and one which 
is perfectly useful. 

Keen® reports a case of operation for non-union after fracture of the 
humerus. The z-ray showed the presence of the aluminum-bronze 
wire one year after the operation, but two years later the wire had 
entirely disappeared. 

A fracture of the olecranon process of the ulna will show very well 
in fi lateral racioe aph or in an anteroposterior radiograph with the 
plate behind. ‘There is, In the anteroposterior picture, a perfectly 
normal appearance of a transverse line across the olecranon Process, 
at the level of the superior articular surface of the radius. ‘This must 
not be mistaken for a fracture. The latter produces wide separation, 
not a mere transverse line. 

Fractures of the shaft of the radius, or ulna, or both, ‘are seen In the 
fluoroscopic or radiographic image, and overlapping or lateral displace- 
ment on bending may be discovered even after the splints have a 
applied. One of the author's patients was a four-months -old bab} , . ee 

bones only the size of pee and such a fat, chubby forearm that 
he | a | ot be felt. : : 
oy. iit eget radiographs showed a “gr een-stick” JPAGUTE O} 
the radius in a child ten years of age which had not been suspected by 
the parents until the development of a lump due to t th cheaeala a 
callus at the seat of injury. Phe line of fracture was visible and ise 
the callus, but there was no bending or displacement. 1e<a in the wrist 

Natric’ also reports 2 cases of long-standing tenderness a Thali 
which the z-ra¥ showed to be due to ef wrun fed Jractures OF © * 
bones in the carpus. 

voit. f. Chir. 147 
oe en Med. Asnoe,, Jan. 5, 1907, p. GI. 
'iiedical Chronicle, Aug., Amy, 
«Tid. f. d. Norske Lig., MAH, p. oo 
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Colles’ fracture of the lower extremity of the radius is one in which 
<a vELe little study is requirca to minke the x-ray of ren | ery ies ' 


Ll we 
plate nn | tho tube 
ig. 704 shows the 


Wiws HF Cer 


radiographs are required for the diagnosis of this condition. Om 
made with the hand and forearm placed flat upon the 
over the back of the wrest at the seat of fracture. | 
normal appearance in this position. <A fracture sh 
line. which represents the broken surface of the lower fram 
corners of this project on either side, because this fracment 
than the portion of the upper fragment which it overlaps. 
displacement Is usually seen in a dorsopalmar radiograph. 

A second picture is made in a lateral direction, which 
Ime of fracture and the dorsal displacement of the lower 
The edge of this fragment shows czpecially clearly upon tl 
wrist. This lateral radiograph is made with the 
wrist on the plate and the ulnar side away from it, 
turned a httle so that the ray, passing from the tube in a Tt 
through the raclins, Pith through the OTHE air, not th ough the ulna or 
the soft parts of the wrist. The proper position is very simply ot 
by having the patient crouch down at the side of the table on which 
the plate is laid and restime the racial border of his hand on the plate. 
This can be arranged In much less time than any ot her Position, but 
is rather cramped, and in the case of a recent Injury would be found 
pamniul. A more comfortable position for the patient 1s obtained by 
the use of the author's lateral plate-holder. The forearm and hand 
supported! in a natural position at semipronation, the plate Ls held 
vertically at the radial side of the wrist, and the tube ts at the ulnar side 
A preliminary glance with the fluoroscope will verify the correctness: of 
the position. A Isteral radiograph of the wrist shows the profile oi 
the dorsum of the radius, but the other structures of the wrist form a 
confused mass from the overlapping of their shadows on the plate. 

Fractures of the carpal bones are correctly radiographed with the 


rent 


\ - 7 
oy ar ry 
LEI 


t ryt 


xalm of the hand restme upon the plate and the tube vertically over ¢ 
ack of the carpus. 

An old ununifed fracture of ie scophoid hone, which had even sVMp- 
toms supposed for more than two years to indicate rheumatism, Spruit, 
tenosynovitis, or tuberculous periostitis, was discovered by Hammon 
by means of a Tadiograph. The fragments of the scaphoid bone were 
freed from intervening fibrous tissue and united by silver wire with a 
perfect. result. | 

Fractures of the metacarpal bones are about the only ones of the upper 
extremity which are apt to escape detection by the fluoroscope, an 
they sometimes require careful study to determine by means of raciol- 
raphy. The difficulty 1s due to the fact that there Is seldom an) 
lateral displacement. The bone is bent toward the palm ot | he hand 
and this flexion docs not show in a dorsopalmar view, and the line ot 
fracture 15 also apt to be indistinct in this view. Twisting the har 
so that the different metacarpal bones may be viewed from the sie 
enables one to make certain of the diagnosis. <A laterul radiograph ol 
the first, second, or fifth metacarpal bone is casily obtamed by pla Hts 

the radial or the ulnar border of the hand in contact with the plate, while 

the other border of the hand is away from the plate at an angle of about 

45 degrees. The z-ray from the tube passes obliquely over the back ©! 
' Phila. Co, Med. Soe, Nov. 23, 104; N. ¥. Med. Jour., Feb. 4, 146 
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A Special Devic ee . 
ae sh ice of the Author’s for L ) . | 
Metacarpal Bones.—The object is to have the plate tbs y af all th 
act ‘eh h all the CCT al bon = nel thus tr Sere ele iLI SEN 
all ol them. i ote han i= ise c| palin chown faa the rin te aril » | My 
- placed OVer Lic ba f the hanel but “il |i far to The if 
passing through the metacarpal 
Sa if. i(K)) 1 one in which the 
wider than natural. but this can be offset hy looking 


an angle of 45 degrees instead of holding it 


= 


|= 
ri 
average angle of the = 


Leones | 


ck 
Pa 
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degrees. The picture : 7 
degree Che pictun shadow of 
at the picture 


perpendicular La) Che | 
vision. It is also practicable to make a photographie « eid 
picture held at an angle of 45 de- on : i 
prees, and thus obtain a picture te 
mn which the bones are the natu- 

ral width. 

The object =i yuier bat is a clear 
picture of the different metacar- 
pal bones at as nearan approach 
to a lateral view as is possible 

without overlapping of their 
images. 

In the case of a fracture at 

the distal epiphyseal line of one 
of the metacarpal bones the 
presence of a fracture may be 
revealed by a dorsopalmar ra- 
diograph though the amount of 
bending is not shown. 

Beck' gives a radiograph 
showing a lateral view of a fis- 
sured fracture of a metacarpal 
bone which did not show in a 
dorsopalmar radiograph. 

Fracture of the base of a 
metacarpal bone may be diag- ss 
nosed by means of a dorsopal- Fig. 709.—Lateral radiograph of the at a 
mar radiograph and sometimes carpal bones, Hand, prone upon the Pls 
by means of the fluoroscope. "7 fabs frat meta- 
Acc riding to Duroux,. the funetional result In the Case oe the eer 
carpal yt renerally wood becuse reduction cut hoe perfect iy set a as 
Fractures of the bases of the second and third eee : tea i ; ts 
the wrist in such a condition that fexton 1s ‘oinacenbat a ae deb nt neu- 
hases of the fourth and fifth metacarpals often result zt ES ates ) Ske of 
ralgic pain. Bennett’s fracture of the base Gk se ee | 

the thumb is show " 7 ge in dedentesipcrien de Sainaration between the 
ig ar) see Sows Sue j Cs he 
Sa or the shaft land the head of a metatarsal bone in young 


im 


iw, ¥. Med. Jour., Aiaw 20), 1006. 
2 Loo Woedical, (het Lo, 1th ax Wii 
' Jour. Am, Mie. Amo... June 16, 1M. 





1000 MEDICAL ELECTRICITY AND RONTGEN RAYS 

rons that the author has known ose fee mistaken fo; 
tiple fractures by one unaccustomed to rat nacae 3 ct | 

Fractures of the Phalanges.—lt Ae thee) a ain both ! 
and a dorsopalmar peor ear volbes iiiy disol rah there 

i alt in recognizing a frac any displacement. Sj, 
intakes ‘escape detection with the ordmary box fluorose,; 
aay i saachily found with the author's Magnifying Huoroseopy 
single radiograph might Tat show al fissured fracture UMeSss Lt. | Ten ey 
to be taken in the most favorable direction. To be positive two rac 
eraphs should be taken at a right angle, eee a” ag | 
A Jow derree of Vacuum m the E-Tay tube ts de ible or radiograph- 
ing the phalanges—penetration No. 3 Benoist. There is ery little 
tissue to be penetrated, and, of course, the lower degrees of vact im 
produce radiographs with much greater contrast. Here, as elsey 


the more mtense the radiance the shorter will be the exposure anil g 
certain degree of intensity (at least sq Tousey) ts required to produce 
the best picture. ee 

Dislocation of the Shoulder.—The examination is mace 
the tube in front of the shoulder and toward the median line. 
plate or the fluorescent screen is placed behind the shoulder ar 
outer edge ts further forward than the other. The head of the humen: 
is Seen an inch or two from its normal position, where it should fll ov 
the space extending outward from the glenoid cavity and under 
ACTOMION process. 

Even in a very stout person it ts possible to show this conc 
though the plate is necessarily thinner and the picture fainter thar 
slight person. | 

Dislocation of the Elbow.—A. backward dislocation is shown 1 
radiograph made with the inner surface of the elbow resting on the 
aml the tube over the outer surface. <A lateral dislocation Is 
m a radiograph made with the back of the elbow resting upon th 
and with the tube over the front. It may not be practicabl: 
straighten the elbow on account of pain. In this case, the point o! 
the elbow may rest on the plate, and the arm and forearm are at abou! 
the same angie from the plate and the tube is in the angle between 
them, a a distance of 12 meches from the anticathodc to the plate. 
The radiographic shadows of the bones are almost the same as if 
elbow were straight, except that while the imace is quite clear near the 
elbow-joint the shadows of the upper part of the arm and the lower 
part of the forearm are enlarged and vague. 

Fracture-dislocation of the elbow is shown in Fic. 710. | 

Subluxations of the head of the radius oceur more commormy 
than was formerly supposed. A small child is walking beside its mother 
who is holding one hand, the child stumbles, and the mother gives 3 
quick jerk. which lifts the child to its fect and pifores its arm. ‘There 

iS a certain amount of pain and swelling and the hand cannot | 
pinated voluntarily. Th Se . 

child is usually res 
graph is made. The most 
him, 7 inches long and 4 inch 
and laid upon a thin wood 
whole applied to the 


| Tay Examination i not an casy one. —. 
restless, and will not hold his arm still while the dlc" 


racticable method is to have a cellule’ 
et wide, Wrapped in ight-proot cave® 
splint Or i Strip ra | heavy eardboard. f sf 
frant of the limb, and kept in place by 4 ah" 


a 
. 
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bandage. The arm may then he held up before t 


is behind the elbow and a little to itz roclial sich 
| " i bt td LT ae 


F ig 710.—Fracture-disiocation ot the olor, 


Dislocation of the Joints in and About the Hand.—These require 
the same technie as fractures of the same region. 

Details of the Soft Parts in a Radiograph of the Hand.—The 
best radiograph of the hand is taken with a low decree of vacuum, so 
as to have ereat selective absorption, and with a hich degree of intensity, 
so as to impress every detail upon the plate, and a sufficient length of 
EXPOsure so AS not to require abnormally long development. The 
technic already described ts as good a general puide as can be suggested, 
but expcrimentat ion with one's own apparatus will periect the results. 

The outline of the flesh shows as well as that of the bones, and every 
difference in the thickness of the soft tis:ues is brought out. Certain 
differences in density are revealed: the nails, for instance, show perfectly 
well, arc faint outlines of 20me of the museles amc tendons Are visible. 
As Many £5 eight distinct shades of color may be made out on a good 
plate. an ; Satie : 

‘The arteries cho mot uzually show. It they show distinctly bt is an 
evidence of atheromi. 
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a “utaneous Markings.— These 
, } hs Showing the C a : =a | TT he | 1 r bat 
ee trick Powdered hismuth ee [x 

hi pense of the palmar he ‘ ol = (ae into 4] certs 
Ne ae a enor cliriace On toe juar, ee Froo 
Tye with the palmar : me 7 Sree” wl + = | a | oh f the 7 a 
Fe Raeeenall and all the creases on the bn k of the hand 


Fig. 711.—Fracture of the lower extremity of the humerus with bark 
of the elbow. 


1 
, = | 


Plaster-of-Paris splints front 


a big 5. 


for the dorzal picture. Bismuth is so opaque to the z-ra) 


a shadow showing all the natural markings of the skin. = 2 
Functionally Good Results After Fractures. Radiographic 

Appearances.—Torrey’ summarizes the facts. [efore the ters" 

of the z-ray we believed that the anatomic results were MUCH "| 

than the radiograph now shows them to be. The latter has «= 

“itl ideal as to the result which it 1 often Impossible Lo attain a oe 

In Most cases would have no advantage for the patient. The pl 

ideal is to secure a good functional result without deformity 

able by the unaided senses. The r-ray shows that very Woe 

fractures of the leg or arm are treated without shortening ane inloclaae 

deformities. One x-ray picture may exaggerate the deformity . r 

as another may conceal it. It is unjustly exacting as to the results o 

fractures in legal cases. : 


— ply bonnet Cull 
_ Radiographic Appearance of Callus After Fractures.— Re sot ar ; 
is not opaque to the z-ray, but permanent callus, or that wor" 
changed into bone, 1S “imilar to natural bone in OPMCILY. 

* Jour. Am. Med. Aseoe., June 2, LiKe? 
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RADIOSCOPY IN DISEASES OF 

TAStE OF Diseases of tHe Hoxrs ax ar THE BONES AND JOINTS 
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New Growths. 
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(“arminoms 


Tuberculosis. 
(erifis. 


: Rheumator i arthritis (at Tophy of bone and all iim 
4 rin rifis Deje rene. - 7 ai ructures: , 
| Osteo-arthritis (hypertrophy of bone an 
| Chareot’s disease. : 

Rheumatism. Acute and chronic. 

(rout. 

Deposits about joints, including urate of ala or lime salts. 
| Loose Cartilage. 


RADIOGRAPHY IN TUMORS OF THE BONES AND JOINTS 
Radioscopy of bony tumors enables one to differentiate neoplasms 
from osteomyelitis and syphilis and to see whether the tumor Is eTlcapzu- 
lated or diffuse, whether it 1s accompanied by fracture, and whether there 
are metastases. 
Tumors about the shoulder sometimes require an I-TAay examination 
to determine whether they are of bony origin or are of the soft parts 
only. One of my patients had a tumor resembling a sarcoma Ol the 
shoulder, but the radiograph showed normal bony tissues. An operation 
Woks performed by the author ‘on very different limes from what would 
have been required had the x-ray shown bony involvement. The tumor 
proved to be a fibroma. ; 
" Sarcoma is characterized mn the radiograph by swelling and rare- 
faction of the bone affected, and this is apt to be of a rather general 
distribution in the affected part of the bone. | +H] 
An interesting case Wie referred to the author by | Dr. Galant. 
There had been pain and swelling about the knee ome ing : ae - 
fall sustained two months previously. fhe radiograph sys | ak a 
practically spontancous fracture of the femur had occurred. 7 x ce i - 
very little about the radiographic appearan’s to suggest more Mae? 
simple fracture, exc the tact vhs 
place of fracture to permit of impaction. 
to occur in a woman twenty-four year be 
bending of 45 degrees 3° wis the case here. 
made the diagnosis certain ame ©" 
Slightly altered from Williams, “The Rontgen 


ent the fact that the bone was soft enough at the 
: This would hardly be expected 
f age with a normal femur and 
A microscopic examination 
| the thigh was amputated. 

Ray in Medicine and Surgery.” 
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lt is sometimes more and sometimes less difficult to eee ty 
tumor ends in the bone than its the ease with other diseac na 

Carcinoma when if occurs in bone presents a radiogranh 
that of sarcoma. The differential diagnosis is based upon the by; 
and other similar considerations. ue 

Benign cysts occur in bone, and are seen in the racdiogranh ac | 
sharply defined, rounded areas of translucency. Such 4 | 


— = 
~ ie 
or * 
r 


Fig. 712.—Sarcoma of the elbow. 


found by ibe author in a case of tic douloureux. It was very small! and 
in a portion of the lower jaw from whoch fhe teeth had lore snee been 
extracted. 

Exostoses show as projections, sometimes of normal bony tissue, 
aml sometimes of rarefied or of unnaturally dense bony tissue, depenc- 
Ing upon the cause of the condition. 


ACROMEGALY 


The changes observed by C. L. Greene! in radiographs of a patient 
who had suffered for eight years from this disease were a remarkabi 


iN. ¥. Med. Jour., Oet. 21, 1tMh). 
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OSTEOMYELITIS AND NECROSIS 
These may be regarded for the purpose of x-ray ing enosis as different 
stages Of the same disease—the stave of inflammation Tate ae 
i & b in if | =f ; E i i ce & i . 1 : rr i f att? ee bd 
stage during which nature attempts to remo 


ave the dex bone produced. 
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Fig. 713.—Necrosis of proximal phalans of thumb. Showing how siightly the radio- 
craphic appearance may vary from the norm! 


In eases of osteomvelitis the rachorraph maw show 2 sharply Cir- 
cumsenbed area of unnaturally translucent bony tissue with possible 
swelling. 

At the earliest stage in which necrosis may be said to exist there 
is very little difference in structure to be seen in the radiograph; only a 
somewhat greater {reins lucent ¥ than normal. 

i Jour. de Phys and Pathol Generale, 1 $05. 





>, —wTy AND RONTGEN RAYS 
Pa . i A Dy ELE THIt i di 
1006 MEDIC. 


The cradual formation of an a paeenr Or en 
newly-formed hone around the deac pee ae Jaze 
— = mr radiographs The bone eVierkt wiz is rr , 
1 , ke s L it Ce ae = a ea | or iil “rca yi 
eize and may not present the usual appearance oi 
or myeloid canal. 
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th 
2. De VW. Cornwell, St. Bartholomev's Clinic. | 


Fig. ays Aleorption following necrosis of fifth metatarsal bone. (Radineran| 


Fig. 713 is of a case operated on by the author for necrosis of ¢ 
part of the proximal phalanx of the thumb. It shows how slicht | 
difference in appearance produced by this disease. 

ACUTE OR CHRONIC PERIOSTITIS 

These cases show a somewhat irregular projection beyond the outline 
of the bone, which is usually distinctly visible. The density 
periosteal swelling is at firsi Only slightly greater than that 
overlying flesh, but as the case becomes chronic more and mor 
ular bony tissue shows in the awelling. 


A CASE OF OBSCURE DISEASE OF THE SHOULDER 

AS & very young girl the patient had been treated by electricity 
for some trouble of a neuntie or paralytic type about the right shoulder, 
but the treatment had been discontinued because she seemed to be 
able to use the arm fairly well. After this she swam and played tennis, 
but always had to swing the body & pood deal in order to assist the 
motions of the arm. Six Years or more hac elapsed when an acute 
attack of Intense pain in the shoulder occurred. ‘This was diagnose! 
as rheumatism, and the arm was kept immobilized for six or cight wee 
ni surgical examination then revealed almost complete absence aM 
motion at the shoulder-joint, Then followed a series of most vigorous 
saerstp ulations fo try to break up supposed adhesions. This was vel 
painful, and after 4 number of weeks produced no improvement sul 
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Fig. 715.—Case of Checure diaease (tuberculosis?) of the shoulder. 


of the scapula, and, of course, was very limited. There was marked atro- 
phy of the deltoid muscle and the muscles of thearm. The patient could 
not raise her night hand to shake hands or to carry food to her mouth, 


= 


She made all such motions by Infting the right forearm with the left 
hand. 

An z7-ray examination was made, which showed a perfec tly normal 
left shoulder and (Fig. 715 made in the same position) a most unnatural 
condition of the right shoulder. 

The disease seemed to affect chicily the head of the humerus, which 
was flattened on top and had lost the natural uniform convexit ¥ of its 
articular surface. 

lt was evident that the material for a normal ball-and-socket joint 
was absent, and that forcible breaking up of the articulation would have 


produc oq) serous in ry i 








1008 MEDICAL ELECTRICITY AND RONTGEN HAYS 

Treatment by high-frequency currents applied from vacuum elec- 
trodes had a somewhat restorative effect upon the muscles but left the 
joint unimproved. | 4 | ) ert ae 

A long course of treatment has been conducted by Dr. Shaffer, 
who considers the case one of tuberculosis. A brace has been used to 
prevent motion at the shoulder-joint anc SUD] HOT the weight of the arm 
and at the same time permit of the use of the limb. There has been 
great improvement in muscular power. a . 

" A corroborative fact m favor of tuberculosis is the development of 
a case of pulmonary tuberculosis mn one of the pat ient’s brothers. 

The case is one which has puzzled some of the best surgeons and 
orthopedists in this country and Europe, and the va rying dhapnoses of 
rheumatism, osteomyelitis, and tuberculosis have all been regarded as 
verified by the appearance found In the radiograph. — 

It shows the importance Of an J-ray Cxanunation at the earliest 
possible moment in every case of joint disease. If this case had been 
radiographed at different periods from its earliest manifestation the 
diagnosis might have been certain and much useless suffering from 
unavailing manipulation avoided. 


SYPHILIS OF THE BONES 


This disease presents itself for r-ray diagnosis In two reneral froups: 
1, Syphilitic gumma; 2, syphilitic inflammation. — . 
Gumma of Bone.— Wherever this specihe neoplasm occurs the radi 
graph shows a combination of a destructive and a proliferating proce 
' Some part of the bone is usually rarefied, another part may 
denser than normal, and there 1s often an mcrease in the size of the p 
tion of bone affected. : : 
The Periosteal Type of Gumma.—.'\ considerable number Of 
radiographs have been published of this variety of the disease." , 
The typie Roéntgen picture of syphilitic gumma oi bone shows the 
shaft of the tibia, for example, presenting at one side a pertectly norma! 
outline and the normal thickness of corticalis in the normal relation to 
the medullary canal, while on the other side the corticalis I= thinnes 
by irregular patches of rarefaction and its uniform outime can no longer 
be traced, the periosteum is intact over a swelling, which shows mor 
less ossification. Bellis ig 
At the extreme margins it 18 quite easy to see that the swelling 7 
periosteal one, because there the bony contour Is preserved with a 
less dense shadow of the periosteum gradually springing away [rot 
A commencing gumma, witha slight periosteal swelling, hardly at an 
ossified, and with very little rarefaction of the corticalis, might not D 
distinguishable by the x-ray alone from traumatic pertostitis. 


e Myeloid and the Cancellous Types of Bone Gumma.— These 


| 


begin on the inner surface of the corticalis of the shaft or in the cancel 
lous tissue of the epiphysis. Neither of these present marked charac 
teristics by which they may always be casily distinguished by the z-ray 
alone from tuberculosis, sarcoma, and other diseases. 


: Kohler, Fort. a. d. Geb. d. Roent., vol. x, No. 2, 75, 1; Knochenerkrank- 
ungen im Hoentgenbilde, J. F. Bergmann: Hahn, Riintgen Concress, [AM Habits 
and Deyeke, Knochen-eyphilis im Roentgenbilde, 146: Ritter, Wien. klin. Woot. 
1907, No. 6, p. 162; Ware, Annals of Surgery, August, WT, p. 199, 





Fig. 16.—Gurmma of the soft Parte mot alls chogr the metatareal | 


Dr. B. P, Riley, St. Rartholomev's Clinic. 





Fig. 717.—Gumma of the radius and of the first metatarsn! bone. (Radiograph by Afr 
Brush, Metropolitan Hreetal 


They are both myelogenous, arising in the marrow either of the 
mveline canal or the marrow of the spaces in the cancellous tissue of 
the epiphysis, 
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They are apt to exist in the same bone by extension 
4 7 i i m ‘_ 
another. Ta +43 
. Fig =17 (Mr. Brush) ahows this condition. . 
le = # i r : _ oer gs a ee wie matt lc 
Spina Ventosa Syphilitica.— This op = lero 
of a myelogenous gumma of bone. Once of these fingers | 
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Fig. 7 1S.—Svphilitic arthritis of the knee (Radiograph by Mr. Brush, Metropolitan 


Hospital.) 
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Cane 7 issue ad pa 4M Le Sart Of The al ected Dome, ite 
kee These epiphysis may’ be largely absorbed and the aniaeia 
amount of ossificat; a periosteal swelling, which presents 4 varyine 

The fo mcation in different cases. | 
tinguishes askew of Dee bone 6 about the only feature which Gb 

Case radiographically from tuberculosis. : 
hic apPCarance Pac of spina ventosa In which the radio- 
and simple osteomyelitis ree us to differentiate between syphill- 
syphilis. : ; he history in one case pointed to hereditil) 





THE I-RAY 
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SYPHILITIC INFLAMMATION OF THE BONES (NON-GUMMATOUS) 


“4 patient suffering from syphilis is peculiarly liable to every 
of acute or chronic b: mv lesion which m: ay be covered hy the broa: 
inflammat tion. Some of these Are quite : 
similar to simple inflammatory pro- 
CESS65 ot the s sob ETE! LV De, rant very often 
the z-ray will show a decided difference. 
A radiograph of a patient at St. 
Bartholomew's Clinic, with a somewhat 
tender fusiform swelling of the tibia. 
showed that this was a pure hvyperpla- 
sia and sclerosis. The other factors ‘n 
the history confirmed the impression 
derived from the radiograph that the 
process was due to hereditary syphilis. 
Ware calls attention to the occur- 
rence of syphilis in joints, especially the 
elbow, secondary to syphilitic osteo- 
chondritis at the epiphyseal line. The 
upper epiphyseal line of the radius ts 
intra-articular. 
The secondary results of gumma of 
bone show im a radiograph taken at a 
later stare. There may be exostosis, 
hyperostosis, or osteosclerosis, and some 
of these are dificult to distinguéh ra- 
diographically irom simular results fol- 
lowing acute osteomyelitiz or sometimes 
healed tuberculosis. 
Riley's' diagnostic sign of syphilis 
consists imn.an obliteration of the medul- 
lary canal, or a lack of differentiation © , | 
between the cortex and canal even in Fig. 719.—Showing Hiley s diagnos 
tie aan of =y phils: lack of difercntin- 
exceedingly good radiographs of the long Pe een the cortex and the mued- 
bones. He haz noted thisabnormalap-  ullary canal of the long bone. 
pearance ¢ven in other bones than those | yee 
in which symptoms had been present. Radiographs made at different 
t Dr. P. B. Riley, personal communications apropos of acveral cases rel med to 
the author for rudiographic examination 
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Fig. 7 4.— Bow -lees in fi case of rickets. 


Shiges Of treatment and cure show a return to normal differentiation of the 
medullary Crna l. 
HONE SYPHILIS IN ANIMALS 
I he Niessen has published a valuable series of radiographs (made 
i " 1 * : i Fibs b : a : ‘2. i 
euber ar hler) lustrating the subject of syphilis of the bones in animal 
primey Inoculated with that disease.! They show the same lesions 
ee He Case of Men—exostosis of the inner side of the ribs, periostitts, 
oe=lheation of the ribs. osteochondritis. 


i Bo er | ert 
Fortschr, a. d. Geb. der Roenteen., vol, vi, p. 155, 1 care.. 
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[he bowed dt legs and other deformities w hich often result fr Poin tion ie 
ease are shown in radiographs and the latter furnish valuable infor 
COM 2S 00 the part of the bone at which an operation should he 


formed or brice-pressure applied (Fig. 720). 
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THE JOINTS IN RHEUMATISM 
The radiographic appearance is deseribed under a frouping based 
upon Musser’s “VMecheal Disenosis’ (Phil: idelphia, Lowy) lt Wall bee 
understood that the z-rav alone will not always enable us to diffe Tentiite 
between these diseases. It will almost always, however, show that the 


ib 
Fic. 721.—Rheumatoid arthnitis. Patient became a chair-invalid in spite of treatment 
by high-frequency currents aod the 2-ray-. 


‘ase belongs to this group of diseases, and not, for instance, to tubercu- 
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with continuous bony structure between the two phalanges, as In on 
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the author's cases, is not gomeg to be restore | ty functional usefa| 


by high-frequency currents, 
Acute Articular Rheumatism.— This disease jx 5 COMPpPanied br 6 
1 mri 4 a| i 


fever. {t occurs in carly life. There is swelling and recpecc of 


a LT 


more large points. This ELSE be fugitive, leaving one pouret at ask 
ing another. It does not tend to attack the Same joints on he aaa 
of the boy symmetrically. 

The z-ray shows no change in the bones. Effusion into the kne 
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joint is almost always recognizable in the radi graph, the floatine tell: 
and the pouch under the quadriceps tendon being evident. 1 . 
Chronic Articular Rheumatism.—This is a disease of ater life: 
the history of heredity is Very marked. Ti affects Severn of the sar 
joints, especially the shoulder and the knee. ‘There is spontaneous pain 
as well as tenderness most of the time, but with exacerbations due in 
some of the author's cases to weather changes in either direction. There. 
is no impairment of usefulness im these joints between attacks excent 
In some very chronic cases, where there is stiffness or even fibrous ankv- 
losis. 
It is distinguished from chronie gout by the fact that it presents no 
special tendency to affect the preat-toc joint or to produce ; lefonmities 
by a deposit of sodium urate in the ears, fingers, and about the joints. 
Radiographically these joints present very little change, the bones 
show no rarefaction, and It Is only in very chronic cases that there is 
some irregularity in the bony outline and an unnaturally close apposition 
of the articular surfaces, indicating partial absorption of the cartilages. 


THE JOINTS IN GOUT 


This is a disease whose diaenostic features are the presence of ure 
acid in the blood, a deposit of sodium urate in the joints and other 
tissues, a marked hereditary predisposition, the fact that it is brought 
on especially by errors as to food and drink, and the occurrence of certain 
digestive and nervous disorders. The trouble very often attacks the 
freat-toe joint. 

Acute Articular Gout.—This may not in the early attacks show 
any change m the radiographic appearance of the joint, but later some 
of the changes of chronic rout may be found. 

The z-ray examination of a joint affected by an attack of acute 
gout shows that the bones are normal, and enables us at once to exclude 
Osteomvelitis, which these cases sometimes resemble. 

The presence of uric acid in the blood is determined by means af uh 
simple test applied to serum from a blister. A little acetic acid is added 
to the serum and a thread is placed in it. After being kept twelve oF 
twenty-four hours at a low temperature typie uric-acid crystals will 
collect. on the thread, 

Chronic Articular Gout.—This is a disease characterized by de- 
formity of the affected joints, deposit. of sodium urate in the articular 

artilages, liraments,and burse, and the presence of gouty tophi in the 
ear and about the jomts. 

The radiographic appearance of the bones is not usually very much 
changed, except that their articular surfaces may he unusually close 
together, and lack some of the rounded ap pPCaranece presented when they 
are covered by normal cartilage. Deposits of uric acid wherever they 
occur are clearly visible in the radiograph, forming a mass more opaque 
thas the flesh but not so OD MUG 15 home, 
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Tt 18 eseenty ally a bilateral. symmetric disease of manv small articul. 
ti ons, by It SOT F Irrer jou nts mm: Ay alan he in volved. Si 1, hs OPS : ve 
finger joints or of larger joints may occur. There m: be aie es = t le 
outline of the j joints duc ca absorption Or to osteophytie p seis i. ee 
OST cophy tic rrowth may ea use loss of mobility im the sic “iP lhe 
ot The hand in H typic “Se ¢ 4 rheumatoid arthritis presents « Be = 
Stic deformity. Ev ery Snir is more or less affected. The hirst shal: e z 
is either fie xed or extended and the last phalanx is either fe Tara 
extended i: there may be simply Hexion of the first phalanx = hile ¢ wa 

others ate at rs ht. The hand i Ls Pronat ecl s urbe] the fingers turned Tow irl 
the 1 1ar side. The encls of the pis “|: anges May he en]: armed. : 

Hh *umatord ar th ritis differs f irom chronic artic ilar The “uimatism in its 

bilateral and polyartic ular ch aracter. the ahsence of ar ute attacks 
brought on by climatic conditions, the greater de formity produced, and 
the possible involvement of the articulations of the spine. Chronic 
rheumatism 1s more apt to affect the heart and to present a history of 
chorea. * U 
fhe radiographic appearance in rhe umatoid arthritis corresponds 
with the apparent condition ot the joint. The articula wee ends of the 
bones present the normal degree of translucene y to the x-ray, but there 
are irregular knob-like projections. Some of these appear more trans- 
parent, and others have about the same transparency as ordinary com- 
pact bone. In one such case the joint between the proximal and the 
second phalanx of the left ndex-finger was permane ntly and irretniev- 
ably ankylosed. There is continuous bony structure right through this 
joint. The case is one which was sent to the author for treatment, and 
it Was Important to know the condition of the different articulations. 


HYPERTROPHIC ARTHRITIS OR OSTEO.ARTHEITIS 


This is a slowly progressive disease occurring In later life and in 
both men and women, The joints are enlarged, painful, and tender. 
Formation of new tissue takes place at the junction between bone and 
articular ¢ artilages, and this new tissue becomes calcified, forming 
Heberden’s nodes, but these eventually break down and destroy the 
contour of the articular surface. A radiograph, made at this time, will 
show a very irregular disorganization of bone, which can easily be 
differentiated from the ITM ae lew hk MMe rnc destniction See TI in the 
atrophic type of arthritis." 

Chronic osteo-arthritis is the name given by Lavensor to 4 case In 
which radiographs by Pfahler showed that some of thej joints in the fingers 
were obliterated by fibrous or bony union, and others in the fingers and 
hans by the absorption of bony tissue. There were several luxations. 

t Fitch, s. VY. State Journal of Medicine, val. vii, No. 7, April, 1D07, p. Il. 

1 Jour. Am. Med. Assoc., Jan. 26, 1007. 
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CHARCOT'S JOINT—THE TABETIC JOINT 


A typie case of this disease presents a large white swelling of a 


eincle large joint, especially the knee, without tendency to flexion. andl 


with decided relaxation of the Lgaments from wasting of the artieula 
ends of the bones. ! 

The cartilages are eroded, osscous deposits occur in the licaments. 
and regular exostoses occur around the joint i Fic. wae), 3 

Dislocation of the hip may occur from wasting of the head of the 
femur. 

Son Lanes fracture ot the pelvis or of the upper part of the femur 
my CCC reported by Licbold,' Féré and Durand, and Wilms). 
Though they are rare, they should be taken into account in cases of 
supposed sarcoma or tuberculosis of the hip. 


Fig. 722. —Charrot's knewjoint. (Radiograph by Mr. Brush, Metropolitan Hospital) 


_ The bones do not show rarefaction as in either of these other con- 
ditions, but, on the contrary, exostoses and irregular hyperplasia 45 
opaque az ordinary bone. 


GONORRHEAL ARTHRITIS 
This usually involves the kneejoint, but sometimes the wrist or 
some other jomt. There is rarely destruction of bone or any bony 
lesion recognizable by the z-rmy. — 
' Portech. a. dl. Geb. cl Roentgen., vol. x, No. 2, p. 77, 1006. 
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Fig. 723.—C onorrheal rheumatism of the hip. 


sues of the body, but a considerable collection of any kind of fluid almost 
always shows a distinct boundary in the radiograph. 

Cases of destruction from gonorrheal arthritis are rare and show a 
ruciographic appearance similar to that of tuberculosis. 

Cases of ankylosis are not so uncommon. The rmidiograph does not 
show bony tissue extending across the space between the bones nor 
exostoses about them. The process % one of fibrous tissue formation. 
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TUBERCULOSIS OF BONES AND JOINTS 
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The areas of rarefaction are sometimes so bn 
J 


mdicate practically tubercular a bec paces of hone hey ‘adioeranhs 
the rarefaction of the bone presents no sharply defined border ced 
it from the unaffected bone. 

It is a very Important fact that the Increased translucency extends 
beyond the limits of actual disease. There is more or less rarefa 
atrophy of other bones bevond these limits. 

Relative Diagnostic Value of the a-Ray and the Tuberculin 
Test.—W. S. Baer and H. W. Kennard discuss the diarnostie value 
of tuberculin in orthopedic surgery."| It gives an earlicr diagnosis in 
some cases of tubercular jJomts than is obtainable by the radiocranh 
alone. 

The ophthalmotuberculin test 18 extremely simple and convenient 
and does not cause fever or other constitutional disturbance. <A few 
drops in the eye are said to cause a local reaction there, if tuberculosis 
is present In any part of the patient. It is not mathematically certain 
however. 

Tuberculosis of the Hip.—For this disease see p. 970. 

Examples of Tuberculosis in Other Joints and Bones.—A valu- 
able series of radiographs has been published by Exner? 

The first case was one of swelling of the carpus, three months old, and 
having had a fistula for two weeks. The radiograph showed tubercular 
changes in the proximal part of the metacarpus. There was also a 
noticeable translucency in the distal part of the metacarpus and in the 
phalanges. The compact tissue is markedly thinner than normal, and 
the cancellous tissue, especially in the heads of the metacarpal bones 
and phalanges, is very much decalcified, but the fine detail of structure 
was Still vesible, 

The second case was of a nine-year-old child, with pain and swelling in 
the knee-jomt fora year. During the first month of the disease the child 
had been able to walk, but since then it had been kept in bed by pain. 
There was a contracture of the knee-joint. Active motion Was Impos- 
sible and there was passive movement to only a limited extent. The 
raciograph showed tubercular changes in the joint and a much higher 
degree of old atrophy of the femur, tibia, and fibula. The femur, 
especially, showed thinning of the corticalis. | 

The third case had a fungating tuberculosis of the nght carpus. The 
radiograph showed tuberculosis: ot the carpus ariel rr high degree of 
at rophy of the distal encla« of the metacarpal bones ana phalanges and 
there Wis old atrophy of these bones, 

The fourth case had suffered very alirht pain in the hand for Six 
months and for two months there had heen 4. srinll ewelling on the back 
of the han, A fistula had formed and the process had extended until 
amputation was required. The radiograph showed tubercular changes 
in the carpus and the proximal parts of the metacarpus, a marke 

: Bulletin Johns Hopkins Hospital, 16, 13, 10M. 
Fortech, a. d. Geb. d. Hoentgen., vol. vi, No. 1, p. 7, 1902. 
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THE Z-RAY 
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arte tacarpal bones anc of the phalanges. 
The strth case, a chile] six ancl a half Vears old, had fered when iro 
years old with a swelling of the left knee. After a lone time an : Bin 
formed which left a fistula. For the last year movement of the icine 
had been impossible . but the fistula has | healed. The Gidea 
showed subluxation at the knee-jomt with the changes due to a baled 
tuberculosis. Besides this there was old atrophy of the femur Ek 
tibia, with marked reduction in the amount of the eort cali. The 
atrophy of the fibula had reached a much higher degree. perhaps Tae 
cause the lateral displacement of the tibia had removed the welrht ‘of 
the body from the fibula. ae 
The seventh case had suffered for two years previously from an injury 
to the ncht elbow. This was followed by pain sani swelling which lasted] 


for only a short time. Ankylosis in a position of extension eradually 
followed. ‘The radiograph shows subluxation and that the joint sur- 
faces are practically destroyed by a tubercular process. In addition. 
there is unnatural translucency of the humerus, radius, and ulna in 
the neighborhood of the jot. An operation showed that those parts 
were not affected by the tubercular process. 

The eighth case had noticed for five months 2 swelling of the left 
ankle-jomt with considerable pain on motion. Two months before the 
I-ray examination an incision was made over the immer malleolus from 
which pus exuded as a permanent fistula. The radiograph showed 
destruction of bone in the astragalus and the os caleis. The pernpheral 
ends of the tibia and fibula and the healthy bones of the tarsus were 
strewn with translucent spots. These spots had indistinct outlimes and 
seemed to le in the cancellous part of the bone. 

Several other cases, shown in Eixner’s radiographs, presented these 
atrophic changes in the bones of the foot from tuberculosis of the 
ankle; or in the bones of the hand from tuberculosis of the elbow. 


EXAMPLES OF THE VALUE OF THE X-RAY IN THE STUDY OF ANATOMY 


Fig. 724, a radiograph of a fish, was made with the portable high- 
frequency coil apparatus (Browne, Salem, Mass.). > 

Figs. 725-732 are radiographs showing the injected blood-vessels of 
normal human subjects. They were made for the author by Mr. Brush 
of the Metropolitan Hospital. ; | 

The Réntgen ray may be used in studying post-mortem anatomy 
without any limitations as to lencth and strength of exposure, and 
with the advantage derived from absolute immobulity and the injection 
of the blood-vessels and other hollow organs with opaque Span 
or with transparent gases. Pictures produced in this way Seni! ae 
hlood-vessels in their natural relations, undisturbed | by cease 
They show the different hollow. and solid abdominal viscera with a 
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Fig. 726.—Injectedd arteries of the arm. 


Se £m 





MEDICAL ELECTRICITY AND Ron IGEN RATS 








ee 


d i —— 


7" —Tatent at . = FE 
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Fig. 725.— Injected arteries of the elhow and of the hand, the latter showing the distribu- 
bon of the superficial pultmuar arch 





WEDICAL ELECTRICITY AND RONTGEN RAYS 


——— 


120 oa ie 
. _—a 


Stall” 
A 


- = 


oe ' 
=. 


"aE 
a_i 


= ? - 
ee oe . 
—_—_ ot 
— 


(iin 


ee 


—s 
Lm af 
— 

oa ee 


iat 7 


‘sia F 


P 
«eae 


a ee 


wie 
‘ 


ia PT, 
_s eh 


~ es 


F 3 a5 F| F 
4 


me | 


a 


Cs” 


| 


Se 
— i 


: a 
=" 
= 
Lg 


dj 
= 


i 
rd 





the leg. 


F 

BE 
at 
bi 
om 
ek 
onl 
PF 
om 
_ 
Ea 
q 

_ 

G 
Loe | 


re ie 


bin = ao 


Fi 





POEM FAVS 








731.—Inje eto ay rteries cre the owt - darsopinntar ed 


= 
= -_ F 
= bie = r = 


big. 


(S2—In jected APterioa of the foot: 


laters! view. 











THE 2-HAT LOa7 


more ch arly defined outline than is possible durmg life, with its reeni- 
Tabor, circulatory, and peristaltic movernents, rs 
he ciaenostic Value ol these pictures ies in their Uae as ehurte fee 
Interpretation af rachiographs made from living naitients. T} = 
author's radiograph of the different pneumatic sinuses of the face filled 
with lead shot are examples, and also Proust and =] Pout. &! radiographic 
studies of the topography of the pelvic organs. The latter shave anna 
cially the relations of the injected blood-vessels and the ureters. 


ANATOBM,IC AGE DETERMINED BY RADIOLOGY 
The late Dr. Rotch? introduced a system of determining the develop- 
ment of the child and its fitness for work in the school or the gymnasium 
or the factory, by radiographs showing the osseous development of the 
wrist. The following is his table of ossification as determined radio- 
graphically : 


A. First vear Os magnum, unciorm. 
B. Second to third year......0s magnum, unciform, lower epiphyveis of radius. 
C. Second to third year Os mapnim, untilorm, radms, cunciform. 
D. Second to thinl year Os magnum, unciform, radius, cuneiform, semilunar. 
E. Third to fourth year .. Os Tnagnum, unciiorm, tacdims, cuneiform, semilunar. 
trapezium, of scapheosd. 
F. Fifth to sixth vear........Q5 magnum, uncform, radius, cunciiorm, semilunar, 
trapezium, acaploid. 
G. Sixth year -eeese-.-. O82 magnum, uncform, racdiuz, cuneiform, #emilunar, 
trapezium, scaphoul, trapezoid. 
H. Sixth to seventh year . Ss magnum, unciiorm, radius, cunciiorm, semulunar, 
Irapezium, 2caphoid, lower epiphysis of uln 
Sixth to seventh vear.....Same az group H as to number of bones, but more 
wivanced i0 development. 
Seventh to eighth year... Same as group I, but more alvanced in devel pment. 
Ninth to eleventh year....Same as group J, but the praform bone appears just 
under cunciform, aod all the carpal bones and ep 
physes are much more massed and further ad- 
vanoed in development. 
Seventh to twelfth year. ..Same as group K, but much more advanced in devel- 
a pisiiorm pps plainly Pi ue Lavy ef end cH 
Cun OFM. 
Twelfth to fourteenth year. Very much more advanced ih development than 
: group LL, and the pisiform bone almost as lirge a= 
the cuneiform. All the bones ofthe wrist are much 
more developel than in any previous group. 


a 


D and E correspond to the kindergarten period, F, G, and H to the 
school period, and L and M to the minimum factory period. [tue 
method is sufficiently accurate to be a valuable factor in discovering 
evasions of the child labor laws, and in preventing oOverst rain at work Or 
play in the case of children with retarded development. 1 he literature 
of this subject has been tabulated by Skinner,’ and includes articles by 
Long and Caldwell (1911), Roger (1908), Pryor (1905, 106, and ue), 
Rotech (1909 and 1910), and Smith (1913). The last mentioned feels that 
the method is of little value in the case of naval cadets, eighteen to 
twenty-two vears of age. It should be applied at an earlier period anid 
then may indicate future fitness for the work. 

1 Pars Société Anatomique, March 27, 105. er 7 

: ‘The Development of the Hones in Early Life. Studied by the Rontgen Method 
for the Determination of an Anatomic Index. Transaction Amer. Phys. Assoc., vol. 


xxiv, p. G08, 1909. 
a i interstate Medical Journal, May, 1913. 
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to live another year. Experiments by the author evolved a me thod for 
radiographing 121 oysters at a time and the process has been in act ual 
use in Ceylon. 

The Chenzic Ej fiects of the r- Fai y¥.—These are not stoking. staren 
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PHYSIOLOGIC EFFECTS OF THE X-RAY 
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shect lead prevents this peri ‘ption, but that a sheet of lene) wines which 
will Prevent action Upon A photograph 1c p late wil ll not pre eens tae 
blind TxCrSOn [rom noticing a faint Licht ecneation. 
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suriace change which it is most desirable to citect m x-ray treatin % 
if dee p-seated lesions. In superfic ial mn: slice rant disease the Sa amp 
by repeated mild applications is sometimes best, and the visible effect : 
ot ju st dese nibed. with the addition of a rnd) chance from clis deers re 
health. One effect upon the Ope ritor from CAPOSUre TO ént ire ly t Oc Fa 


el 


Fic. @24.— Radiograph cal oh a PTCEoAnt cat 


quently repeated mild doses is to produce one of the lesions described 
under the head of z-ray dermatitis; another is to produce sterility. 
There is no immediate systemic effect perceived by the patient from ex- 
pasure of even the entire surface of the body to a single mild application. 
Repeated exposure to milk 2 has the effect of impairing the 
tahty of rapidly growing etl: The embryo may be killed mm utero 
oe a number of exposures which are without any appreciable effect upon 
the mother. For example, to watch the course of gestation in a cat, 
which had been the mother of several families of healthy kittens, the 
author rises a number of z-ray pictures, Dae INTINE before anv evidences 
Were | present anc CODUTUINE | 1 ee rvitls ant Loa il couple. 
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= : oh 1 ti. 
There is no effect upon the embryo from the applicati ion of the 
x-ray to other parts of the patient, and in this case the 


: : pelvis should 
be protected from the rays either by a localizine shield about the tube 
or by an z-ray proof covering over the abdomen and pelvis. This cov- 
eee may be a sheet of f-ray metal or of the soft <-ray proof rubber, 
which contains a certain percentare of bismuth, baryta, or other heavy 
metallic powder. > 

Repeated exposures to the z-ray will ret ard the de velopment of new- 
borm animals. Tribondeau and Réeamier have verified this ohee rva- 
t10n In the case of a kitten.* The dey ‘clopment of the eves was arrested 

and structural anomalies of the retina were produc ec. The develop- 
ment of the teeth and of the bones of the f SCG Was Douch ret tarded. 

Artian of Le i -Hay if por the Derelopme nil af the Embryo of fhe ("hor Tale 
—Fifteen Holsknecht units of x-rays prevent the development of a 
embryo of the chicken or arrest its development if it is already com- 
menced; the biologic properties of the albumin are c learly modified by 
the x-rays; the albumin becomes less coagulable, and it is more diffi- 
cultly dive stec by pe psin; these facts m av explain the arrest of de- 
velopment of carcinoma treated bv the z-ray. 

Effect on Microorganisms. —Experiments upon the effect of the 
r-ray on microdreanisms have been made | vy Russ. Looking at 
the eultures Citi the lens of the mic Poscope itself while ek posed! to rhe 
f-ray some microérganisms do not appear to be influence ed. These are 
Bacillus proteus, Vibrio cholere, and Trypanosome Lewisn. Others, 
like Bacillus typhi, Bacillus coli, and Bacillus pyocvaneus, show rapid 
and disordered movements. Even lone and strong exposures to the 
r-ray do not interfere with the growth or virulence of different micro- 
Orfanisms. 

Sterility from Rontgen Eadiation.—Repeated mild exposures of 
the ovary or testis are quite generally rezarded as productive of sterility. 
In the Coase of i ik Operators the Pieced of the Power of Lrlai r Kil In the 
SPermnnatlozon, anil inl SOT CASes absence of the Spe Taek, his been 
demonstrated a great many times by the microscope. The fact was 
first published by Tilden Brown and A. T. Osgood, of New York. This 
it not aec Onn py aniect by hy Bat LE sal Impotence, ama it 1s doubtless not 


1 Laquerriere and Labelle, Bulletin Officiel de la Societe Francaise D'Electro- 
thermpy et de Radiologie, Sept. 1 OOH. 

7t°, A. de la Sociweté de Biologie, SS, 1051, June 6, 1905 

? Bordicr and Galinard, Arch. d*Elect. Med. Exp. et Cliniq.. 14, 491, July 10, 
1t45, fArch. € Hyriene, vol. Iwi, p. 341, Do, 
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permanent, but a condition which disappears atter the exposures haye 
heen discontinued or protec lion by a prope: apron OF shi¢id has bee 
adopted. ‘This necrospermin may develop in ae who spends mue] 
time in an x-ray room where no precautions are Caken to limit the rays 
to some one particular direction. | 

The effect upon the testicle from repeated moderately severe applica- 
trons of the ¥-Fay has been studied by Bergronie and Tnibondeay 1 


a a : i 7 a Tt ! bs ies L a - 
Six white rats were used, and entire I protected by sheet lead Except 


where the testicles were exposed. Rat one, five applications of } 
Holzknecht units at intervals ol eight days; rat two, nine applications 


of 1 H. at intervals of two days; rat three, eleven applications of 2 H. 
at intervals of two days: rat four, ten applications of 4 H. at intervals 
of two days. These rats had all had one testis removed before the 
experiment. The one exposed was removed and examined a month and 
a half after the last exposure. Rat five, both testes exposed five times 
to 4 H. at intervals of cight days, one testis removed immediately after 
the last séance, the other a month and a half later. 

The result was the same in all. There was no change in the skin or 
hur. but there was a orTcal change in the testis, consisting in the substi. 
tution of a serous liquid for the peripheral parenchyma, the same liquid 
separating the deep parenchymatous tubules, and a breaking down of 
the epididymis. 

A male cat may be sterilized by x-rays filtered through 2 mm. of 
aluminum and with a dose of about 4 Border applied in one or two 
seances. The oviform cells survive, but disappear sooner or later. 

The same authors have measured the dose required to completely and 
permanently sterilize a male dog, and in the latter case have shown that 
the refractory oviform cells are incapable of regenerating epithelium. 

The histologic changes are found in the seminal epithelium of the 
testis, which ts the source of the Spermatozoa, and not in the interstitial 
glandular tissue, whose activity is the cause of the sexual instimet and 
sexual activity. The secretion from the interstitial gland is an “ mter- 
nal” one, and is concerned with the maintenance of all the masculine 
characteristics of the general svstem. 

Observations on animals show that repeated ruld exposure of the 
pelvic rerion results in the ovaries ceasing to produce Graafian follicles. 
This effect is probably temporary. ; 

wo hundred minutes’ exposure of one ovarian region of a rabbit 
while the ot her ovary Was shielded produced very marked atrophy of the 
ovary and disappearance of the Graafian follicles. Halberstadter® 
gave this exposure in twenty days in divided doses, and found the ovary 
half the size of the one not exposed. 

_ Return of Spermatogenesis After a-Ray Exposures.—The 
ae ine . Rasa m2 un physicians working much with te 
hecrospermia and pa See pian have been found to pare eee 
and the iathisearinenst sire = ‘ratte er amar and m whom 4 vacation, 
the reappearance of itn tne =-Tay tube, have been follow i fe ch 
£ spermatozoa, and the men have had children. 
' Archives d’Electricité Medicale, 


) vs Bordeaux, France, Feb. 25. 1905 
2Th. Sore nal C7 va - —_ sy ETRE, Pe, 20), DAs. te 
50, Jan. 14, 1911. 1 C. Regaud, C. R. de la Soc. de Biol., xx, 5, Jan. 7, 1911, and Ix, 
*Villemin, ©. A. Ae. des Sciraces 


* Vratchebnaia Gazels, 42. MH, Jan. 16 "1908 of exh, p. 723. 
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a ' 1 m4 r 1 i, ats : = - hE = | 
| ] rot ens rere’ reports a similar case, in which the return of Sper 
tozon was followed by conception | 
A patient of Dr. Lapowski's’ was a man with 
Was treated by the I-=-rTay, 


THT. hut “iter two applications ot ten or fifteen Mmintites. “ut 3 distance 


of 15 em., there was necrospermia. The treatment was repeated twenty 
caves later, and after that there was AZOOS permis . 


‘ pruritus ecroti, wha 
Previous DUCrOSCOPIC APPCArances were nor- 


Five months later. 


however, living Spermatozoa Were present. 


Phillips’ cases, purposely sterilized, were found to he still so six 
months later. 

A-ray workers who have found that they were sterile have kept out 
of the z-ray room altogether, and have after a year or two had children, 
and then have resumed t-ray work and have had no more children. 
Others have found no living spermatozoa, in fact no discoverable sperma- 
tozoa at all, and after a couple of months’ complete absence from x-ray 
exposure, followed by the use of an opaque apron and of a shield to 
envelope the tube, have found lving spermatozoa again. 

Absence of Effect on Spermatozoa Outside the Body.— Human 
spermatozoa, after leavmg the body, are not greatly influenced by the 
y-ray. Their vitality, accordmg to Bergonié and Tribondeau? is not 
modihed by an exposure of half an hour, at a distance of 15 cm. from 
the anticathode. 

Precautions to be Taken.—When repeated applications of the 
z-ray are required the ovaries or testes should, therefore, always be 
protected from the 2-ray. | arate ; 

Baldness.—Repeated mild exposures result in thinning or loss of 
the hair. ‘This is only temporary, but should be guarded agamst. 

Toxemia.—In a number of cases which have been reported, and the 
author 1s sure that many others have not vet been reported, and some 
have not been recoenized as attributable to the z-ray, a single thera- 
peutic or diagnostic application of the z-ray has been followed by 
severe constitutional disturbance. The author has seen this oceur alter 
the first mild application for cancer of the breast, and it has been 
noted in leukemia and other conditions in which applications are made 
with a view to an effect upon a constitutional disorder. : 

E.,dsall’s observations* upon cases of leukemia, un resolved pneumonia, 
pemicious anemia, and gout treated by the z-ray show that when se 
single application produces an immediate marked effect, benelt cial “i 
otherwise, the examination of the urine and other means of study 
usually show that destructive metabolism has been, for the time ben 1es 
enormously increased. Some of these patients were on a regular diet 
containing 4 measured amount of nitroren, and the amount of nitrogen 
exereted Pal been watched for a few days before the z-ray Was applied. 

In some cases the excretion of nitrogen during the next twenty-four 
hours was almost doubled. These cases with increased excre thin 
included patients with leukemia or with unresolved lobar co Siege 
and were favorably influenced by the x-ray applications. rhe Increased 
metabolism may be due to an effect upon the tissue ferments. ae. 

1 Congress of the French Association for the Advancement of Scrence, Section 


ho 5 pe ay im ‘at Ch. 
on Medical Electricity, Lyons, Aug., 1 qe ae 
on janet ane Cxeood"s Artick, pe SO pri E004 
AC » ls Societe de Biologie, 5/7, O80, Lrec, D, Dae. nk. j a 
' Ef ath of Pennsylvania Medical Bulletin, Sept., 1905; Jour, Am. Med. 


Awoe,, Nov. d, DOF. 


15, Na, O. 
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the latter were overwhelmed and : 
demand upon them. The result m some cases Was & toxemla caused 
hy the excess of broken-dlown products oiocenvam Sbas 

* Apeording. to these authors, the appucation of the =-Tay (Oo 
considerable portion of the body, especially ee a a 
ach as the spleen and the marrow 0 the long bones gehen, 
recularly produces q tremendous mecrease im the destructive m 
morphosis of nitrogenous ts ade Cha Sey Ty " 
this calls for increased activity ol the climinative functions. ihe ellect 
under consideration 15 not that of a large and toxic dose of the r-THy 
but that of a single therapeutic Or diaonostic application ~ wt Hh under 


ordinary circumstances produces no apparent symptoms. Edsall says 


that he knows of no drug or other therapeutic afer which pr duces an 
equal effect in ordinary dosage. , a ee 

The cases in which this increased tissue destruction ts hable to 
produce a harmful effect are those in which the patient 1s already in 
a toxemic condition, or in which there 1s nephritis or some similar chs 
ease which interferes with the elimination of waste products. 

No constitutional effect results from such an application of the 
T-Tay as 1s required for treating an epithelioma of the face, or for making 
a radiograph of the hand, if the rest of the body is shielded from the rays. 
But when the body is not shiel led. even though one of the extremities 
may be nearer the r-Tay 1 ube, and consequently recelve & Stronger 
exposure, a constitutional effect 1s produced. This is also the case 
when the z-ray has to shine through a large part of the chest or ab- 
domen for examination or treatment. | 

Harmful constitutional effects may be avoided, whether the patient 
1s in a favorable condition or not, by shielding all but the portion of the 
patient which it is desired to examine or treat when this is a small and 
not a vital part: also by making sure that the pat ient is In a healthy 
condition In cases where a more general exposure or one involving the 
chest or abdomen is required. Such applications to a patient suffering 
from the toxemia of cancer, pernicious anemia, leukemia, oF other 
similar disease, or with elimination crippled, as in cases of nephrite, 
should generally be avoided, but if necessary should be cenutiously miacle. 

The effect which is under consideration has not usually the curnula- 
tive character shown by the effect upon the skin and some other organs. 
On the contrary, a single mild reneral application may be followed by 
thie Tost profound constitutional cHorct, while ey number ot epmilar p= 
plications on successive days may not produce any change in the ap- 
pearance or sensations of the patient. ; 
A eee ee. settee application Are not percept ible 2 
superficial roRNS cr ve ane ri corgulnrns days. Chey are chiefly upon a 
Fark cette At Sy ary a the way from a slight erythema to 3 

tion of tissue right down to periosteum, which may take months 

eee Jour. Med. Sciences, February and March, 1407. 
sivermty of Pennsylvania Medical Bulletin, September, 10005. 


ficsue substances, such as nucleoprotein, and 











THE 2-RAY 1h 
. a a a] i} Which may A teak a a clo ath 
in the [Treatment of disease 
[he Very ereatest 


Phe lesser derree 1 oft n requires 


: : and iS Mot Accompanied let: Tisceral chancoes 
bots hte Spas only been produced in oh<ervations on 
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. reatcsl degree of overexposure has not produced 
that the effect Wy al sirable Enough has been said toshow 
Sa eee * eG VETY CXCeSSIVE Exposure is so disastrous that 
the a “tay shoul never be applied at all he one unfamiliar aril ie 
are. All the elements Which ro to make up 4 becacledins of t] cel 
the very greatest importanée: ther for diagnosis o1 treatment, are of 


dose and the way to apply it 
cumulative eect if piven at intervals of less than ome « 
i produce fi wisible eteet 


hepeated severe applications have a 
Boo, 4 = : rrr. 1 F 4 s : if Lue D fa three 

weeks. The least severe application which wil 
ace 1s about 2 Holzknecht units (3 H.). and thie 


ipon the skin of the { 


may be repeated every three weeks without doin: 


og gs a ae Seal f more than maintain 
ro R= BT TECTLON. li Lis dose 1= riven nore frequently or iF 4 late _— 
cose 15 fiven at the same mterval. an Increased effect is noted from each 
Ap PucATION. Another fact ol IM Porta nce 1s that a surface which has once 
shown a reaction to the <-ray 1s more susceptible for a long time after- 
Wart. | 

Experiments reported by Heinecke, of Leipzic, at the German Medical 


Congress of 1904, show the effect of prolonged exposure to intense radia- 


tion. His studies were especially upon the hematopoietic organs, and 
the animals were exposed to the x-ray for ten or fifteen hours at a 
stretch. In the marrow of the long bones there was almost a complete 
disappearance of the characteristic lymphocytes, only red cells being 
present. No gross lesions were present if the animal was killed imme- 
diately after the irradiation, but at the end of a weck they were always 
found. In the first four hours after irradiation, m dogs, a microscopic 
change was noted im all the lymphatic organs, the spleen, the intestinal 
follicles, the lymphatic glands; this change consisted in a destruction 
of lymphocytes and their absorption by phagocytes. ‘This abnormal 
condition had disappeared at the end of twenty-four hours. The 
temperature may be elevated, and the dog may lose as much as one- 
fourth of his entire weight m twenty-four hours. The Malmghiar 
corpuscles of the spleen almost disappear and are replaced by connective 
tissuc. He found that a similar efiect was produced upon sarcoma, 
but only upon the small round-celled type. : 
Exposure Necessary to Produce Physiologic Effects.— The 
constitutional effect which 1s sometimes seen immediately after a 
treatment for cancer or leukemia, and which seems to be due nO of 
increased metabolism, may be occasioned by an exposure of twelve 
Seconds to the most powerful radiance in making aun r-Fay ONMMUEATION, 
or of five minutes to the milcer raciance ordinarily employed in racio- 
The changes in the tissues of the spleen, lymphatics, and 


therapy. 
- rabbits. dogs, and other 


marrow, noted in the experiments on mice, 
small animals, required very much longer Gx POSUIEs: Fee 
Krause ancl Aiegler use A GU-centimcter or inch a oret 
with a Wehnelt interrupter connected with the 110-volt cpeiaany oes ra 
lighting circuit—the primary current being + or 6 amperes. za clis- 
tance from the animal was 20) to Ai) cm. (5 to lt oa) one pon inirabaer: 
of exposure im mice was from two to ten hours. os; no et Ae et 
exposed four hours or longer, died in a few days as a consequence 
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the destructive effect upon the bloodl-f oe career in the spleen, 
the Iwmphatics, and the marrow of the long ee ors nm wie ott tact 
is that the fatal effect was produced whether the exposure was a con- 
tinuous one or Was divided up into severa exposures te teen or t hirty 
minutes each, Even as short an exposure as hiteen Spa while not 
producing fatal or even Serious effects upon the oer eaten necrotic 
foci in the spleen, which could be found 1 Roe Sama Dedects killed ee 
after the exposure, hut which oid al almost normal again if the animal 
was not killed until eleven days later. ee 
“Krause and Ziegler exposed guinea-pigs for ten hours with similar 
temporary effects upon the blood-forming organs, but without, a fatal 
effect. The eame ten-hour exposures: produced similar results In cogs. 
Sterility In men appears from Phillip Pe CASES to be pr HAUCed OY an 
exposure of one hundred to two hundred minutes to a ray of moderate 
intensity. hut as this was enough to produce excoriation oF the serotum 


‘ia 


divided shorter cxposures, distributed over a number of weeks, could 
nroduce this effect upon reproduction without the effect upon the skin. 
! xy : Nicroscopic x! L ations would snow When necrost FM 
Occasional MLcroscoplk eS LOOT : 
OF azoospermia had been produced. = : Cee 
The €xposure required to produce falling of the hair 1s susceptible 
of quite exact measurement, as explained under the head of x-ray 
dosace in the chapter on Radiotherapy. | he effect is produced either 


by a single exposure, amounting to from 4 to 7 Holzknecht units, or 
by several exposures ageregating the same amount. VW orkers with the 
T-Tay should have the =-ray hube enveloped In & hox Maude oO material 
opaque to the z-ray except in the «direction in which the latter is to be 
applied, and in using the fluorozcope should have the fluorescent suriace 
covered by lead glass. The latter protects the eyes also. 4 cap 
lined with sheet lead affords very good protection for the operator s 
hair. An apron made of shect rubber contaiming a large percentage 
of baryta protects the body and genitals. Gloves containing baryta or 
lead oxid protect the hands. 

Kienback observed that mice which were exposed for several hours 
to the z-ray applicd over the back, developed severe nervous symp- 
‘toms in about three days. The eves were closed, the spinal column 
fexed, and there was spastic paralysis of the limbs. The mice died. 
Similar exposures, though strong enough to cause the hair to fall out and 
to protluce dermatitis, did not cause symptoms of disturbance of any 
internal organ in guinea-pigs and rabbits. ae 

Of course, in the smallest animals the spinal cord is covered by 


such a thin delicate layer of bone and soft parts as to be very directly 
exposed to the rays. . 

In larger animals a thicker layer of soft tissues and thicker amd 
denser bones absorb a larger part of the x-ray and present greater 
protection for the spinal cord. 

Kienbock exposed a pigeon to the z-rav and observed falling out of 
the feathers, not only on the side toward the x-ray tube but also on 
the side away from the tube. The latter waz apparently caused by 
rays which had traversed the entire thickness of the abdomen without 
causing a perceptible effect upon the internal oreans. 

The Effect of the ax-Ray Upon the Eye.—This has been exhaus- 
tively studied by Bireh-Hirechteld| He has not found any change 

' Areh. f. Ophthalmolagie, vol. lix, p. 220 


ii ea 








THE 2-RA‘Y Lin7 


in the retina excont ; 
i " . 7 ig in et ht Wher 1 thn om : j 
fit pie hie CHnices nie wie ” tha fobs | * DOS ine has Tcol Srey ge pr enoueh 
nN CXMB re of 19 ac on tr :* 
affect chiefly ' oF 10 or 20 H., however, produces changes which may 
‘ ill rh a f the posterior Str bat res ct the gripry in 
ATe I a perv! of 3 


1 Anterior or 


aE. Ct (4. 


Incubation lasting from fifteen ta 
= 4 characteristic effect upon the epithelial 
. Chose of the cornea become irregular 
7 bees HTL fattened out ane Sone? ines divi lel. 
Gothelunn eee ets Seenernted aioe vacuolized cols, The Comes! 

Lae : ree Sq UaMated until only «a Single layer remains. and 
may then be rradually replaced. : pe ED PES, Cl 


The evelashes fall out. 


me] i= Or ifferey i [ th 
ak 7 es i | +s = i . 
i i Ceri pea rhs OF LA eye 


aril ewollen ancl i heir nitcley 


There are also some , 


= 
ae, a ee ee y , 
| A rh iy S Phere i 
1 | 


These are the changes in the Inner Ww 
hd the reneral dese ript LON ot the physiologic cfiects ot the x-ray 
The Irs undergoes swelling and loosening of its epithelial cells ancl 
degeneration of the bigmented cells in its stroma. Ee chee 
=; he crystalline ens ane its emithelial cells ire una eter The 
erect LTO the retina anil Cb] Mi Te nerve becomes visible ai the aa of sere 
eral weeks. The ophthalmoscope reveals at rophy of t nic optie narilla 


alls ot the ble if l-vessels detaile: l 


ati : : = ra ea 

I he Meh pe confirms this, and also showe decenerat ion of the ti- 
ghonic cells of the retina, With vacuolization and a characteristic change 
nh their chromatin. This eoloring-matter does not disappear as its docs 
from the effect of the ultraviolet ray, but divides up Into numerous 
small particles. It becomes “pulverized.” There is degeneration of 
le OPLic nerve-fibers, Which Birch-Hirsechfeld considers secondary to 
¢ degeneration of the ganglionic cells, and not due to a direct effect 
of the z-ray on the nerve—fbers. 

An eye witch 18 exposed to the x-ray in the course of the treatment 
of a cancer of the eyelid gradually becomes affected, although the 
sight may not be destroved for many months. The eve begins te look 
smaller, the con] unctiva reddens, and the comea becomes opaque, not 
Whitish, but because it is covered by newly formed connective tissue. 
This tissue contains blood-veszels and round cells and is covered by 
several lavers of epithelium of a character similar to that of the skin. 

_ The tris is mfiltrated by leukocytes; most of the pigmented cells 
(disappear: the walls of its blood-vessels undergo the usual effect from 
the a-Tay. 

The refine shows the usual z-ray degeneration of the ganghonie ce 
and of the intima of the blood-vessels. No change is to be discoverer: 
in the opt ic nerve-fibers. There 16 a verv marked change m and near 
the macula lutea. Cysts develop which thrust aside the internal gran- 


ular layer. There are spaces of almost normal retina between these 


tl 
tl 


clrcumseribed cysts. 

The eye is permanently destroyed : = ch 

This effect may be guarded against by using some kind of shield 
protecting the whole orbit, or, if the eyelids are to be treated, the 
eyeball may be protected by an opaque shell slipped over the evel wall 
and under the evelids. The model, shown in Fig. 736, 1s made of metal 
And haz 4 projection oni its external surface bw which rhe maa be handled 
when inserting and removing it. A special pair of foreeps facilitates 
this. | : 
Bireh-Hirschfeld recommends that the use of the x-ray in treatment 
about the eye be limited to malignant and tubercular disease of the 
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velids. and that not more than & or 10 H. should be applied once in 
i” Ei. re ah 4 L 
two weeks. ; ae - uh | 
“Th we conclusions shold probably he modifiect. Phe coeagre seeps 
Ba bets ' il ' — : a . : is , me a 

unnecessarily and. therelore, undesirably lance, ancl Biv T-Tay as hed 
ae | aa fely anil with excellent results int trachoma. 

4 i = | | 
Effect of the a-Ray Upon the Liver.—Experiments by Hudell 
| : CAUSES only some interterence with 


= 1 | la 5 ; : 
chow that in the adult rabbit 1 lath 
ae ln a Voung rabid it Causes 4 ecrtain 


ular nutrition 10 the liver, : : ; = 
necrosis. lhe liver of a newborn kitten 


I, : I WEP 
Lhe part Ol Lhe liver 


intercel 7 
ale rr a i if Siro] ry Wii Out ' aa ; : a 
changes AMOUDTINE (0 CeStruchionm ot 
: Bach CXPOsure Was usually the sare 


undergoes 
hrectly pa post To thu 


: Pays. 


A D’Arsonval-Garffe transformer was used with 
| No. 7 Benoist ravs, the distance from 


except a5 Co duration. 
1 ma. of secondary current am : Ls a 
the anticathode io the ein bene l= TEREEL. [he exposures in two adult 
-ahhits were one hour and two hours respectively. ihe young rabbits 
were exposed over the rerion of the liver iol about ten minutes every 
dav for twenty days. A newborn kitten recelved EX POSures Ol en 

day from the third to the twenty-first day alter 


rab 


minutes every other 
birth. 


= 


——, i 


. = a a. ‘be 


Fig. 136.—Protection of the ¢yehall in z-ray treatment of the eyelds 


Effect Upon the Nervous System.—Scorbo, of Naples, has noted a 
neuromuscular trophic action of the x-ray. : 
Several authors, including Schar? have reported the occurrence of 
nervous disturbances after exposire to the 2-rav, but the great major ty 
of t-ray workers have never observed anything of the kind in their 
patients or themeaelyves. 
Arch. d'Blectnecité Medicale, Jan. 10, 107. 
* Fragebogen, April, 1000. 
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lhe Chest Pe ported by Colombe! 
therapeutic applications af the 
lyghit of Edsall": observations. | 
a direct effect upon the nervoy 

Intense radiation of the 
ments caused Parnlvsis and 
of meningomyelitis, 

Tarkhanoff alsa reported a diminution 
the bram was irradiated]. 


Later observations, especially those of Krause and “icgler," seeq 
hi eho tise hm er 4 : ; a a < » SP TT 
oe how that _ hen the whole animal is exposed no eifect 1s produced upon 
Loe Drain Or spinal COTrtl. ariel Live Se Way hee the case when only the 


| Sere Nnervioijs ens F lowing 
ae =, 


tray to the leg may possibly. in the 


. bs attributed io LOxe IL iInstencl ot tc 
2 SYS Lem. 


brain in some of Rodet and Bertin’s experi- 


convulsions ane the Postimort SM ADDeATAN Ce 


of reflexes in a frog in which 


nervous CCNUCrs are CXTM peng | 
The Effect on the Intestines.—The fol] 


are amons Lhe tissues which ra 9 My especially 


1] 


icles of the intestinal Wall 
, susceptible to the influence 
ol the 2-TAy AA ler ten NoOurs irraciat ion of the entire animal in K Pause 
and Alerler’s experiments (f. ¢.) intestinal follicles were founcl iumme- 
diately afterward to show necrotie foci. but these had disappeared if the 
anima! Was not killed until four days later. ancl il clear Pes. Consisting 
partly of epithelioid cells, was found at the center of each follicle. The 
effect on the intestines is really part of the effect on lymphatic tissue, 
which occurs wherever this is to be found, ; 

The effect on the skim 1s a breaking down of the hair follicles. eclema. 
and disintegration of the epidermic cells. hyperkeratosis, and necrotic 
disintegration of the epithelium, inflammatory exudation into the 
corlum, and thickening of the intima of the large vessels in the skin. 
Arause and “ii ler found ne changes in. the fiver, panecyreds, fhe mucous 
or salivary glands, the thyroid gland, ar the Fulneys. 

Effects Upon the Kidney.—As has just been stated, the latest 
and most complete series of experiments leads to the conclusion that the 
kidneys undergo no change referable to the direct action of the T-ray. 
Cases of nephritis, sometimes occurring in experiments, were considered 
as due to the anesthetic. (Dogs, especially, had to be kept quiet in 
this way lone enough for the exposure, which, however, is entirely 
without sensation.) 

Falsall’s observations make it seem probable that cases of nephrit 
after x-ray exposure are due to the creased metabolism occasioned by 
Lhe @XPosure. 

A recent report of a case of nephritis cured by applications of the 
rray to the kidney ts not at all negatived by our knowledge of the effect 
of the z-ray upon that organ. 

Warthin’s observations upon the effect of the z-ray upon the kidney 
show that the direct effect is very slight, even when animals are exposed 
to very long applications. ‘The indirect effect is proportional to the 
destruction of leukocytes and the exapreration of uric acid excretion, 
and is most marked in leukemia. In some cases of the latter disease 
after z-ray treatments he has found the kidneys selerotic. and with 
calcareous deposits and fatty degeneration of certain tubules, while 
others shat pressure necrosis. 


| 
1s 


' Transac. Am. Roentgen Ray Society, 1006 

= VWiedical News, fp. 11 L, LSo7. - ri 
* Abetracted in Wien. Med. Woch., No. 12, Psoy. 
‘ Fortach. a. d. Gebiete d. Roentgen. Strihlen 
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Effect Upon the Blood.—There is a direct effect upon the white 
hlood-cells. Their number is at first reduced and then there follows 
q very temporary leukocytosis. There Is an Imerease In the amount of 
hemoglobin anc in the apecifiic Pravity of the blood without an lam 
erease in the number of red hlood-cells. In the smallest animals the 
mature red hlood-cells appear to he produced faster than normal by zs he 
loss of nuclei in the cells of which they are the mature form. has, 
while a natural process, is still a degenerative one, and that it 1s aceeler- 
ated by the x-ray is in line with all the rest that we know about the 
properties of the latter. For instance, the hyperkeratosis which 15 
characteristic effect upon the skin 15 an @¢xagreration of the normal 


degeneration through which epithelial cells pass. — | 
Effect Upon the Blood in Vitro.—l! lelber and Linser’ have tested the 
effect of the x-ray upon blood in a test-tube. They fim that a leuko- 
toxin is developed in the serum which destroys the white blood-cells 
Blood-serum from a patient with leukemia ordinarily produces mn 
effect if injected into a rabbit, but it produces a marked effect if th 
patient from whom the serum 1s obtained has been untler r-rav treat- 
ment. In this cas¢ an examination of the rabbit's blood four hours 
later shows a considerable re luction in the number of white cells. 
Heinecke’s Experiments? on the Effect of the a-Ray Upon the 
Marrow of the Long Bones.—The destruction of white blood-cells 
in the bone-marrow, which takes place after several hours’ exposure 
of the entire body of a ruinea-pig, begins about two ancl a half hours 
after the commencement of the eX posure. lt reaches its maximum 
in ten or twelve hours and ceases after five or six days. All the different 
forms of leukocytes in the marrow are reduced in number, but the lvm- 
phocytes and non-granular mvelocytes are the most affected: the cosino- 
phile, mast cells, and giant cells are somewhat less affected, while 


the neut rophile polymorphic granular eells remain intact the longest. 
The broken-down marrow is capable of regeneration, and this begins at 
the end of about two weeks and is completed in three or four weeks. 
Heinecke’s observations co to show that in man the bone-marrow 
may react to the x-ray, but that undesirable or dangerous complications 
from the destruction of lymphocytes do not take place. 
_ Changes in the Spleen.—The immediate changes in the spleen are 
Inflammatory hyperemia and an increased’ collection of leukocvies, 
which takes place at the center of each follicle in the spleen. There 
are necrotic areas between the epithelioid eclls of the follicle. 


7 


Hecontdary changes are more marked in the smallest animal:, such as 


mice and rats. in which the entire pulp of the spleen may break down 


and the red blocd-cells in the vessels of the spleen undergo granular 
Cegenerationm. 
In rabbits and dogs the secondary changes are limited to the follicle. 
cr General Histologic Changes. —(ienerally apes KiTie the histologic 
elect of the r-ray i to produce an obliterative endarteritis in the super- 
hcial tissucs and a destructive effect upon cells of a rapidly proliferat ing 
or embryonal type. 


Ley 


<-RAY BURNS OR RONTGEN DERMATITIS 
| Overexposure to the x-ray produces a change in the skin which 
may be very trivial or may be very serious indeed, and has even led to 


5 Archives of the Roentgen Ray, March, 1006, 
2 Deutech, eeitech., fir ‘hirurgic. 
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feat al re sults. The danger ts all the greater hee: use there 3 

warmth or discomfort at the time. It 1 be produ 
overexposure, the irradiation being too Dawe orin ul, nr ta 
qa] the tube bay Hn $00 near the surface. The oe met 
Precision for messuring the streneth and arlialits the 
necessary to proper dosage In examination and deter Unseen gs 
to successful picture making ane cumulative effect of 
posures to the x-ray is a source of cl; anger, especially 
and ve Py Many of the 3 -T AY Spree ial lists in this anni mtry 
are disfigur il by chronic de rmatitis. In the worst case 
SAW the patici th it made ancl sold z-ray ApPParatis clurir 
ater its cise OWwe©ry, ancl WAS probably ln wokiner il or 
look at the bones in his hand a large part of the time. The apparatus 
in those davs produced a comparativ ely tee ble radiance. so that no 
immediate effect was noted, but after several weeks of this reckless 
exposure he suddenly developed am 5 Naki ation and gangrene of the 
back of the hand and wrist. After several months of severe sufterine 
the slough all came away leaving the tendons and the articular ecarti- 
lages bare. Healing with deformity finally took place. Of a similar 

nature at the start were the recorded cases which years later formed 
the starting- pont for ¢ “nit helioma; and amputation and In some cases 
even death i ive followed. 

There 1s nothing to indicate that an r-ray burn is any more likely to 
be followed by cancer than any other lesion of similar severity and chron- 
icity. 

Rontgen dermatitis may be of four different derrees: 

(1) A mild temporary redness of the skin occurs without anatomic 
changes: it may not develop until two weeks after exposure and lasts 
for only three davs or so. 

(2) Quite a decided erythema with moderate ttching and el: wed by 
desquamation of dry epithelial fiakes, which may amount to a regular 
peeling of the affected region; no raw surface is produce ed and there is no 
pain; it develops about a week after exposure, and it is three or four 
weeks before the skin appears normal again; slight atrophy of the skin 
may remain permanently, especially if a dermatitis of this degree has 
heen repeatedly produce ect. 

(3) After a period of incub: ution of only two days a severe dermatitis 
with blistering occurs, and this is followed by some destruction of the 
deeper layers of the skm and ulceration w hich takes many months to 
heal. It is excessively painful until the sloughs have separated and it 
leaves a permanent sear. 

(4) The most severe degree has a period of incubation lasting for one 
or two days; begins in much the same manner as the third degree, but it 
is soon evident that all the tissues have been destroyed, perhaps to 4 
depth of } inch. The separation of the slough is very slow and painful, 

and the ulceration has very little tendency bo cleatrize. If at all ex- 
tensive it may take years to heal or it may remain as a chronic ulcer. 

The Chronic Dermatitis of the Hands of #-Ray Operators.— 
This is a condition produced by frequently repeated exposures which 
individually would produce no effect. The lesion is somewhat of the 
character of a chronic eczema, and leaves the hands seamed, searred 
and diseolored, with deformed and brittle nails, altogether such a con- 
dition as would preclude the use of the hand in aseptic surgery. A hand 
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‘hat has once developed this condition 15 for 3 
Ths a + sae -TLY SOM OPCTALOFS | 
rilatea eyeceptible to ti i Pak : a 

eee aaa ehility to the action of the x-ray 
‘Hi would not have affected the o 


lieve 


sequired SusCe) 
af exposure, whi : Seeing > open: ! 
after months’ Or VFears work With the F-Thy sudden|, 


a actikis. In Dr. Pitman’s own recorded exp Hence e sud 
developed q dermatilis aliecung = large par! Oi te cand , Phe 
of the use of the z-ray by very Many operators, however, does not 
Support to the theory ol 4a gradually Be eloped suscepul Mit w, Eye 
cannot too strongly caution those UsIng the t-Tay AGAINSL a gradu: 
developed false sense of Security. | Britis: .; 
x-ray Warts.—After some years of 3-ray -WOTK the skin of 
operator 3 hands may present horny growths which are hare and Dia ‘ik. 
Some of these project decidedly above the level of the skin and som 
are flat (Plate 14). They seem to be of similar structure to verruce 
cenilis. and there is great danger of their developing into epithelioma, 
Drs. Kassabian and Leonard and Mesers. Greene, Bauer, and Baker 
are a few of our American z-ray workers who have lost their lives jp 
this way. Their occurrence indicates that the operator has not taken 
sufficient precautions against exposing his hands. They may be re- 
moved by refraining from z-ray exposure and by applying 10 or 20 per 
cent. salicylic acid adhesive plaster. They are exceedingly prone to recur. 

Another application 1s undiluted formalin (40 per cent. formaldehyd). 
A wooden match is dipped in it and the adherent drop ts applied, to the 
wart alone, every three or six hours for two or three days. Smaller ones 
are killed in a few days, larger ones in a week. After exfoliation the 
skin should be unblemished; if not, repeat. Jf ulceration occurs, 
apply zine oxid ointment or something similar. The present author 
has apphed this treatment to all of his own keratoses with permanent 
success in only one. The first applications produce no sensation; the 
later ones are decidedly painful. 

Pyrogallic acid, 15 per cent. solution in flexible collodion, has been 
used by Dr. L. E. Lemen, of Denver (personal communication). After 
cutting off the wart almost to the bleeding-point an impervious coating 
is applied to the wart and extends slightly over the sound skin. The 
solution is apphed night amd moming for three dave and often enough i 
maintain the coating fora week altogether. At the end of a week it ls 
api to become Wery much inflamed “aril painful, and requires qj dressing 
of bore acl ointment, after relieving the tension bY anitening the col- 
lodion and removing it. A black pellicle of charred tissue forms which 
separates spontaneously a couple of weeks later, leaving 2 suriace 
that looks hke sound skin, but which may require one more course of 
treatment. 

Surgical excision 
S015 thorough dest 


‘ais Seineat a he actions take part in the production of Réntgen erythem®: 
pelts hat ut by Bordier and Salvador, ‘but the present author be 
that the . me Tay 38 the exciting cause of the electrolytic action, ane 
ine a aeo means of entirely preventing it except by interposine 
something entirely opaque to the x-ray. | = 
mw experiments of Strater, Kienbock, Oudin, and Scholtz seem "© 
th. bi. Hamme = 2 Te 
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,if done in time, is usually permanently effective: and 
ruction by fulguration or by radium. 
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PRECAUTIONS AGAINST RONTGEN RAY INTURIES 
General Precautions.- Vlesasure the inter r P| 


apparatus produces and learn the safety limit of its 


Toa 6 ie 4 —— 
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Remember the cumulative Property by 


tice upon inanimate objects until you have learned t 
Neem 1 SA0e CXTMOSuUre, 
7 ‘eliled erie | ahort eX] OSes 
have as great an effect as a single prolonged one. Remember that the 
danger Varies inversely iS the SUA ol the distance irom the ant 
tothe skin. . | 

L. Precautons il a-Ray Examinations.— A. Prati rhien of the 

Patient.—1. ‘The use of the fivoroscope is fraught with the greatest danger, 
and I believe should be abandoned. If, contrary to my advice, it is 
employed on rare occasions, the strength of the radiance applied, and 
consequently the satetv limit of exposure should be determined before- 
hand, and strict account should be kept of the actual exposure. A 
number of short exposures have an effect equal to one long exposure. 
Only the requisite part of the patient should be exposed. The z-ray 
should be filtered by passing through a thick screen of sole leather or 
aluminum. ‘The anticathode should be 13 inches, and in most cases 
much further from the nearest surface of the body. The portions which 
are to be especially protected are the eyes, the testes, and the blood- 
forming organs such as the spleen. Lhe greatest danger arises when a 
lone examination is made or a long operation 1s performed, as for the 
removal of a foreign body under the fluoroscope. 

9 In radiography the strength of the radiance employed and fa 
safety limit of exposure should be determined beforehand and the act 
of the cumulative effect of several exposures borne in mind. | C cnSKLAR 
ographs of a thick portion of the body requiring prone re sere 
even with an intensifying ecreen, are CONLrAry vO my ads ae = es he 
4 total exposure which may be dangerous, The SEE ere Eek ae 
posure does not disappear for at least three weeks. : bis sie ar si 
Or aluminum screen should be employed and only a = pas Thee 13 
the patient exposed. The anticathode show a ar = ee tent le 
inches from the nearest surface of the body, oa Sapte ae ETT re 

out one-tent h, should be 
ough a thick portion of a 
liopraphs are to be made 
re The greatest danger 


rt it noe 


further away when a thick portion of the neue 
intensifying screen, reducing the exposure To &™ 


used whenever a radiograph is to be mace © 
Very large person, or when a number is Sew n 
through a thick portion of even 4 small pe ees = aver before, and the 
arises when a more difficult case 15 at tem pte : = rereased distance fron 
Thtest. Important thing 1s to place the tube neh itute anton ar 
the akin. Leukemia and renal insuficiency, 9roo “te. proper 
40y strong general exposure of THe * acer 


.. af nenetration has an 
. Pad ts tan low @ degree of pen aie 
quality of z-ray is important; too l0W fy ect upon the plate, asso 


See off edt, LupxOn the skin with too Ayctuating current fenern- 
Much is absorbed by the tissues. The ve eave-lenagth, is an ele- 
Lor, Soa : eee Ey. oe pprocmately uniform Wa sista 3 admixture 
| of safety in radiography by reducing to 4 mi 
AN ae | . . rps ion. 
"Sf soft rays with those of the proper penetra 
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‘Lhe Test way to limit thie application io the desired 
patient in radiography is by means of an a a 
Surrounding the PTV TUDe, AMO DAVIN OP MTT oi TL trabale 


nlane or cvlindme through which the z-ray is directed 


satisfactory form of protective hilter is a sheet of heavy solele 


side the impervious case and covenne its onfice. 

[t is cseential to be able to maintain the PPOTHEr quality ol ra licat 
and to Trecoenize changes in the aT tube, which destroy its offex Lire 
nezs in producing a picture and by multiplying the length of tine ris. 
quired ack greatly to the danger of injury. 

B. Protection of the Operator in z-Ray Examinations.—1, Never mak, 
direct use of the fluoroscope. | 

2. Never use any portion of your body as a test-object for measurine 
the quality or the intensity of the x-ray. =e 

3. Do not use a fluoroscopic penetrometer, but always make a radio- 
graph of the penetrometer im testing a new tube or new conditions. 

4. Do not hold the film or plate ill posit lon yourself. 

a. Never remain in the room with an unshielded z-ray tube in opera- 
tion. | | 

l. Fluoroscopy, during which the operator stands beyond the patient 
in a direct line with the r-rmay, if Many times repeated, means certain 
injury and frequently death. The danger to the operator may be ob- 
viated by his standing behind an impervious screen and viewing the 
fluoroscopic Image In & MIFror. 

_ 2. The physicians who have died from z-ray injuries have been vic- 

tims chiefly of the habit of looking at the bones of the hand as a means 
of testing the quality and intensity of the z-ray. The manufacturers 
of the r-ray apPeimaitus are often asked by prospective customers to allow 
the z-ray to shine through the chest or some other part of the body, so 
that the customer may see the fluoroscopic image. This has resulted 
in many lingering and painful deaths among the men who have brought 
the apparatus to its present efficiency. No physician ought ever to 
make such a request. 2 


+. Many of the Injumes to physicians have come from holding the 


fluoroscope In position for testing the radiance with a fluorometer. 
This practice should be abandoned and a raciograph made of such a test 
object as the Benoist radiometer. = 
6) +. The author regrets very much his former practice of holding the 
3 ‘ a the patient’s mouth in dental radiography. The individual ex- 
arate: me of benefit to the patients, but their cumulative effect has 
eae disfigured the operator's hands, and if the practice had been 
‘ ee a cancer would have been produced. 
affor te ss ger prenes in a different room from the z-ray tube 
7 ving the eae ee oe | And the same object may be at tained by 
tn inthe 2-ray tube enveloped in a ease opaqule to the 2-ray and having 
apron, and clase aint # lead screen and wear leaded spectacles, cap, 
to the unshielded r: Ci ae exposures, even at a considerable distance, 
Many Operators p tis nes an z-ray tube have im the case of a great 
contribut es ee UOC sterility and leukopenia, and has doubtless 
ed to the fatal cases of I-ray cancer. 
Patieet oi in pontgen ray Treatment.—(A) Protection of the 
to measure and « Pash ma ontgen-ray treatment until you are able 
control the quality and intensity of the x-ray and know 
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exposure will produce a certain effect. A 
|! 


P Wl 
Lert th Drewes A | Cibaiyie hla Fi = i re he a liad OL ery | barra 
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Mit 1s vers dangerous in the hands of the Inexperienc Th 

. 2 Lxpose only the desired portion, ehielcling Other [i 
phragm ly cylinders or by ste fed | lesucl Or tne like, fastened 
part to be treated. 

+. Use ii quality ot ray adapted ti the a s"—5 nearly 
all soft rays for a cutaneous lesion and all rays of greater penetration for 
deep le=10ns. The cont t Mavs Are obtained from ri tube with Hy Leyur decree 
of vacuum, and expecially with a converter producing a constant poten- 
tial. ‘The rays of greater penetration mav be produced by a tube with a 
higher degree of vacuum, especially if excited by a converter producing a 
constant potential. Screens of aluminum or o! sole-leather are often 
useful in arresting whatever soft ravs may be present. 

4. Use the cross-fire system in treating a deep lesion, so that no one 
portion of the surface will bear the entire brunt. 

5. The deeper the lesion the further the anticathode should be from 
the skin. If the anticathode is only 4 inches from the skin, the latter 
will be twice as near the anticathode as a lesion 4 inches below the sur- 
face, and the skin would, even if distance were the only factor, receive a 
radiance four times as strong as the deep lesion. The percentage ab- 
sorbed by the tissues overlying the deep lesion increases the difference 
in the effect, but is about the same whether the tube is near the surface or 
iar from it. 

6. Do not be deceived by the theory that any z-radiance 1s so entirely 
made up of hard rays that it can be safely applied with the tube very near 
the surface and in extremely large doses. Suriace injuries and myjuries 
to the tissues of the mtestines have followed therapeutic applications 
based upon this theory. 

7. The eves, testes, ovaries, and hair are portions to be especially 
protected from accidental exposure. | 

(B) Protection of the Operator in Réntgen-ray Treatment—The same 
precautions are absolutely necessary 4s in Z-ray examinations. | 

The Prevention of 2-Ray Dermatitis.—(1) The patient should not 
be exposed too long, too frequently, or to too stromg a radiation. The 
strength of the radiation depends partly upon the energy given out by 
the z-ray tube and partly upon the distance at which It is placed, the 
effect diminishing as the square of the distance Increases. For mstance, 
at twice the distance from the anticathode the region exposed 1s sub- 
mitted to only one-quarter the strength of z-ray. The length of time 5, 
of course, dependent upon the strength of the application. For those 
who have not the different apparatus for measuring the strength of 

the application a good limit is nine minutes’ exposure, at a distance of 
one foot from the anticathode, and a strength of r-ray which will permit 
the bones of the hand to be scen faintly at a distance of 2 fect from the 
anticathode, A stronger radiance would call for a correspondingly 
shorter exposure. Sometimes in treating the side of the neck it will be 
found that the shoulder is much nearer the tube than the part to be 
treated. and if so it would receive a dangerous amount of radiation unless 
shielded from the rave. In ¥-Tay treatment rt 1s always desired to pPro= 
duce some effect upon a certain area of tissue, and all other parts of 
the patient should be protected either by lesucl or other z-ray proof 
sheets, or by encasing the tube in some kind of localizing shield. There 
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i some protection of the part exposecd| hy interposing A thin metally 
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Begin with smaller doses than indicated ahove and do not repeat them 
oltener than once in three days. Holsknechi’s chromoradiometer 
asure of the amount of radiation to which the 


ne: 
a . rr = | f =i ae = » ; 
region is exposed. Three Holzknecht units applied at one session will 


furnishes a direct n 

produce a wisible reaction upon the face. and this limit should not the 

reached In radiography. Gut in radiotherany if ny | | he noted that 
i Le by 1 cm 3. ra = | : ms Pa 
Certain cases require ADDIICALIONS OF 4 or 4 Holzknecht Units, whieh 
: = F | 

however, should not be repeated until the reaction has subsicley 


2 
This may require an interval of three weeks or more. If the a Alkan 
tion is to be repeated once a week half the above dose is the SEES 
and if uscd more frequently a stil! smaller cathe 
A low vacuum-tube, giving a brilliant radiance. produces a much sreate; 
effect upon the superficial tissues than a tube with a high vacuum a. 
greater penetration. The amount of radiance bears a certain relation 
to the strength of the current actually passing throuch the tube, as 
dicated by | miliamperemeter introduced het on the coil and th 
tube, and it has becn hope! that this OC MCASUrement woul: 
mchieate the strength of the radiance, and that we could simply « 
trength of so many milliamperes for such a time at such fae : 
This, however, is not sufficient. A Miller héavy target-tube, excited 
by a 124nch coil, with a Caldwell interrupter giving about 5000 inter- 
ruptions a minute, with a primary current of 9 amperes, and about 3 
inches resistance in the tube, allows 1 ma. to pass. This is with con- 
siderable resistance in the rheostat: but with all the resistance cut out 
by turning the rheostat all the way, the current throuch the tube 
increases to 24 ma. and the radiance becomes much more brilliant. We 
now connect the same tube in precisely the same condition as to vacuum 
With the prime conductors of a stai ie machine, with six revolving glass 
plates 26 inches in diameter, and making about 300 revolutions a 
munute, the machine being in first-class working order. We find that 1 
ms. 1s passing through the tube, but that the radiance is not nearly 
Pi bs powerful asi when I ma. was passed! through the tube by the eo. 

_ he comparison is not quite a fair one—that is, comparing the 
eficct of 1 ma. throuch the <-ray tube in conjunction with the coil and 
then the same in conjunction with a static machine. While it is not 
generally known, yet it is a fact which can be easily demonstrated, that 
& tube having a parallel spark-gap of 4 inches on an z-ray coil will only 
have a parallel spark-gap of 4 inch on a static machine. 

._ _ In regard to the use of the milliamperemeter, Lewis Jones went 
Into this MALLET very carefully, anc his conclusions were that 4s long 
as the parallel spark-gap of the tube did not exceed 5 inches, the num- 
ber of milliamperes through the tube gave a fair idea of its x-ray value 
With different tubes on the same apparatus, using the same rate of in- 
terruption and the same strength of primary current. | 
The milliamperemeter does not really give such information, so that 
another operator using a dificrent make of apparatus would be able 
to absolutely reproduce the same effect, but it does give the individual 
operator a good guide as to the work of his tube, and if he keeps the rate 
of Interruption constant, the primary current constant, and the resist- 
ance of his rheostat constant, then the meter will be of decided benefit, 
60 that two facts are evident, the milliamperage passin g through the tube 
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raction of the dose t< snplier 
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lan amperemeter on th primary circuit 
ly safe guides are wide experience or Hols 
some similar quantitimeter, combin 
‘alter’s. Benoist’s. or the present 
: raciane emnay tee Measure il by the author's mein 
| ake use of the radiometer and : spintremeter fo r 
the degree cal vacuum. By the use of Holzknecht’s + shromoradi 
eter for datevsnisncie the amount of x-ray, combined with a 
cter and a spintremete r to show the derree of Vacuum of the 


and henee the quality of the ray, and the author's method of measurin: 


the intensi ¥ of the ray, we are able to miminister the same doses - 
recorded im the reports of workers in all } parts of the world, and with 
apparatus varying wonderfully in efficiency. It is not necessary to 
note the change of color in the EES pastil of the Holzknecht 
chromoradiometer for every exposure, but it is very desirable to e 
periment With it until you have determined for your own arate 
how many Ruan tea! Sepomire st at a certam dist: ince and under ce rtair n con- 
ditions will produce 1, 2, or 3 Holzknecht units. 

Merely a5 an cxample, it mav be stated that a certam 12-inch coil 
with a Wehnelt interrupter , & primary current of 10 amperes, a tube of 
vacuum No. 6 (Benoist). was found to produce 4 Holzknecht units upon 
a surface 5 inches from the anticathode during an exposure of ten min- 


Lite 


eC) _Ascreen for soft rays may be used. A thin sheet of aluminum, 
or of tin-foul, or a thick sheet of leather may be mterposed between the 
=-ray tube and the portion to be treated. The rays which produce 


dermatitis are those which are of little penetration and which are con- 
sequently absorbed by the skin. A screen for soft rays will arrest these 
rays and allow only the more penetrating rays to reach the patie nt, and 
these have very much less effect in the direction of producing dermatitis. 
This protection is not absolute, however, and an overexposure ts to be 
avoided. 

(3) Geyger has suggested that the cause of dermatitis 1s not the z-ray, 
but an electrostatic condition which m: ay be avoided by placing the tube 
directly in contact with the part to be treated. The author does not 
regard this as probably correct, and recommends avoidance of over- 
dosage when the Rontgen ray is applied in this way. 
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THE TREATMENT OF DISEASE BY THE X-RAY 


1 


It has been found by actual observation that the z-ray ha 
tive Influence upon quite a variety of morbid conditions. It 


sufficiently powerful hactericide to have any direct effect upon bacteria 


in doses WV hich woul be harmless to the tissues, anc VEU 1- 15 An Px 


4 


cellent remedy in mycotic skin diseases. This 1s due to its depilatory 
action and to the slight stimulation it produces. It has a very mark- 
ediv beneficial ettect on tubercular processes, pr ibably by an alterative 
and stimulating effect. And of a like nature 1s its effect upon rheumatic 
or fouty deposits about jomts OF nerves, and upon A variety of condi- 
tions, from colitis to keloid. It has a specific action in epithelioma and 
to some extent in every other form of malignant disease. It is a power- 
ful analresic. eae . 

The method of application is by allowing the z-ray to shine directly 
upon the affected part from & tube with a medium OF low Vacuum, Wit ha 
streneth and at a distance and for a length of time sufficient to produce 
a certain effect upon the tissues. Different plans may be adopted: the 
exposures may be mild and repeated every day or every two or three 
days, and a condition of reaction gradually reached and mamtained; 
single large doses may be used sufficient to produce the degree of reaction 
required in that particular discase, and if necessary repeated after the 
three or four or more weeks which it takes for the reaction to develop 
and subside; or half doses may be used, each of which will excite a slight 
reaction, and the doses may be repeated every week or two. The method 
by frequently repeated small doses is the one which has been almost 
exclusively used m this country. It 1s much the safest and best method 
where one is uncertain as to the comparative intensity of the radiance 
applied by his apparatus. ; 

The following is an example of dosaze when no special means of 
measurement are available: 

For doses repeated every three davs the wall of the tube should be at 
a distance of 9 inches from the nearest exposed surface, the vacuum 
should be medium (equivalent to a 24-inch spark-gap), and a penetration 
of about four or five thicknesses of tin-foil, the intensity such as to show 
the bones of the hand faintly in the fluoroscope at a distance of 2 feet 
from the tube, and the duration of exposure nine minutes. If only a 
small area is to be treated the tube may be brought nearer and the 
time regulated inversely as the square of the distance. ‘Thus, at a 
distance of 3 inches from the wall of the tube or 6 inches from the 
anticathode or disk from which the raves radiate, an exposure of cw 
minutes and a quarter would produce the same effect as nme munutes 
at a distance of 9 inches from the wall of the tube or 12 inches from the 
anticathode. In either case the neighboring parts should be protected 
by sheet lead or the like, or by using a localizing shield encasing the 
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is equally Important whether the distance he ornci 
ray metal (Conley Foil Co., 521 W. 24th Street, New ees 
onvenient for protection; it is a compound of ) 
rub of on the ¢kin as lead alone would. Thi 
Purpose, lt comes in Trolls 1 foot wide AM ests 
15 cents a pound. Sheets of this foil, measuring 12% 15 mehes 


be put over the head and face, and other sheets with a hole whic 


may be made larger or smaller by turning back flaps. may be am 
over the recion to be treated Large L-shaped Dieres Are 
many places, as for exposing the shoulder while protectin 

“th 


parts. Other operators use a vert ical screen of sheet lead wit! 


justable oOrince, an | others shcet len eove»rcd with rubber. 


proof rubber compound, made for gloves for protecting the operator's 


ands from dermatitis. makes a flexible and effective protection, but 
is rather expensive. With a substantial and reachly acljusts ble z-ray 
tube stand, and a localizing shicld which is opaque to the x-ray and 
almost completely surrounds the tube, the treatment of any part of 
the suriace of the body 1S a very simple matter. Dhitterent diaphragms 
make the orifice through which the z-ray shines large or small, and 
vuleanite tubes are useful for introduction mto the mouth or vagina. 

Treatment tubes of various patterns have been designed by Cosear, of 
London, and Morton, Cleaves, and Caldwell, of New York, and by the 

author. In one type the bulb is large enough to avoid overheating and 
rapid change in vacuum, but is made of lead glass opaque to the z-rav 
while transparent to ordinary light. Opposite the antieathode there 
is a prolongation through which the z-ray passes, the extremity being 
made of glass which is transparent to the z-ray. There 1S a glass handle, 
by which the tube may be held in position for applying the x-ray to 
some small area like an epithelioma near the eye, or the prolongat lon may 
be passed into the vagina or mouth for the treatment of a cancer of the 
uterus or of the tonsil. In any case it is desirable to slip on a rubber 
cover, which is used only for a single patient. 

In another type of treatment tube the bulb and prolongation are 
similar to those in the one just described, but there is no anticathode. 
The concave cathode directs the cathodal stream into the prolongation, 
and when this stream strikes the glass wall of the prolongation the z-ray 
1s produced. Such a tube may bee successtully used in the rectum, but, 
of course, the prolongation must be kept cool by a constant How of water 
through an outer jacket. 

Still another type has the anticathode near the end of the pre- 
longation, directing the x-ray laterally, and, because of its close prox- 
imity to the glass, blackening the active part of the tube very quickly. 
Such a tube may have a heavily Insulated wire returning from the posi- 
tive pole or there may be no wire there. In the latter ease the coil 
must not be a too powerful one and the positive pole of the coil is some- 
times grounded. This type of tube ts less desirable than the others. 

A fourth type is the unipolar z-ray tube, constructed om much the 
eame lines as the last described, without a positive wire. The cathode 
‘s connected with an Oudin rezonator. The high-frequency and high- 
tension current produces a eathodal stream which impinges upon the 
anticathode and is then converted into the z-ray. These are made in 
small sizes for use in the mouth and get overheated if run for more than 
shout half a minute at a time. As the anticathode is so near the surface 








LOS MEDICAL ELECTRICITY AND RONTGES 


tno be treated, one or two Hicntions fi 
eee ee le - F fal oe j ii troche 
COUT qaC°TS Alsi 3 a Lu | 
high-frequency currents. Its practical 
For general ra liotherapy the heavs 
very desirable The essential feat 
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ability to stand prolonged use 
heating, and the possession t it i | 

be readily and accurately acijustedct. 
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| ik ' ' 1 
aes Will Select fhe 


primary CUrrent OF MOre ul 


ayy | ay mh ee oh Pa tis rerinr 
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treatment. and with some Int . ) 
Six amperes would be the current furnishe 


- a 
fIMperes Is ample. 


Vehnelt interrupter in which only the tip of the platinum is expose 


and this is 1 millimeter in diameter, no resistance bemg interposed 


the rheostat. .A Caldwell or Simon's interrupter may have small 


comparatively large holes between the Dw px tions of liquid, or, in some 
eases. the size of the opening is adjustable. If the openings are ‘ 
the interruptions are rapid and the strength of the primary current is 
perhaps only from 3 to 5 amperes without any rheostat, but the seeond- 
ary current, as indicated by Gaiffe’s muliamperemeter and by the z-ray, 
produced will be verv good indeed. With larger holes the interruptions 
are slower, the noise produced is of a lower pitch, and the primary cur- 
rent may be as much as 10 or 12 amperes 1f no rheostat is used. This 
produces a brilliant z-ray and a much stronger secondary current 
than with the smaller and more rapid interruptions. But this strength 
is usually cut down by the rheostat until the secondary current and the 
x-ray are about the same as those with the more rapid imterruptions. 
The primary current in this case remains quite heavy, perhaps 8 or 9 
amperes. With a coil the greatest amount of self-induction in the 
primary winding is desirable for treatments. For several treatments 
m rapid succession it will be found necessary to have at least two tubes 
m readiness. The anticathode gets very hot from continuous use, gives 
out an injurious amount of radiant heat, and throws off particles 
of platinum which blacken the tube: and overheating results in a liber- 
ation of gas which lowers the vacuum bevond the useful limit. The 
Miller water-cooled tube runs for a long time without a change in its 
degree of vacuum with the strength of current suitable for treatment. 
The important measurements in treatment are the derree of vacuum 
and the amount of z-ray. The first must be determined partly by 
means of the spintremeter, showing the length of spark which will pass 
between the poles of the x-ray coil rather than pass through the tube. 
The higher the degree of vacuum in the tube the greater is its resistance 
vs the pesesee of the current and the longer is the spark it will back up. 
Tae aie ern of dete rmining the degree of vacuum is by noting with 
neath Soe the degree of penetration of the 2-ray produced. It ts 
exceedingly dangerous to make a practice of looking at the bones in 
one's own hand, although they furnish an excellent test object. Far 
eo ae adi exact is the use of a radiometer in which the degree of 
bbe acai spiorapaicansed hi sgeireeers of metal through which Lega 
and chest of the pte eink co fs il racometer protects the seh sare = 
) neh ; . Fr a5 well as furnishing a seale of penetration 
(p. 1051). The same numbers in Walter's. Benoist’s, and Tousey’s 
radiometers all represent about the same degrees of penetration. The 
measurement of the amount of z-ray applied may be by Sabouraud 
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ao eae eee Interrupter, and w ith or Without «7 = 
eps; and at such a distance from the anticathode to the surfa: 

treated, and with such reacdines of the amperemeter on the 7 as = 
circuit and the milliamperemeter on ¢ ir SECS Seen eee 
to the tray tube. The efficiency of clii 

LrAnsiormiers, and Static machines Varies so much that the htcenceh 
of the application cannot be stated accurately in amperes or milliarn- 
peres. Une may begin with the dose indicated on p. L045 and ay 
ally acquire a knowledge of safe and effective dosage, or one may watch 
the work OF an expert long enough to he able to Trecocnize the . liffar. 
ent qualities and intensities and to know their dockastas eke: a 

one may have the different instruments of precision, and thus he able ‘to 
in different parts of the world. Attention to detail is absolutely e<. 
sential in z-ray work, and the operator should record every condition 
under which each exposure to the x-ray was mace. a baie 
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THE TECHNIC OF RONTGEN THERAPY 


-An o- OF 12-inch coil may be used, and its primary winding should 

be such as tO give a variable self-induction, and usually the createst 
amount of self-induction is used. The details of this and other technical 
points are more fully gone into in the section on Radiographic Technic. 
A VW ehnelt Invermipter with a platinum rod 1 mm. in diameter and with 
JUSt Its tip exposed, or a mechanical wheel interrupter, or a Caldwell- 
Simon interrupter with comparatively small holes will he foun ti 
give the best current. This should have rapid interruptions and a 
Strength of 2 to 4 or 5 amperes when properly regulated by the use 
of the rheostat. A transformer with high-tenzion rectifier or an unfluctua- 
Ging current generator may be used, but with a much weaker current than 
for radiography. The intensity of the ray itself should be measured 
with 4a certain strength of current. It will be easy to duplicate the con- 
ditions at any time. A 7-inch tungsten target tube, or water-cooled 
tube (Fig. 478), are very satisfactory; the vacuum should be medium or 

low, resistance 1 or 2 inches, and radiometer 2 to 4 Benoist. The 
Current passing through the tube itself should be 1 to3 ma. Spark- 

gaps between the coil and tube are usually not required, but should be 

used if the tube shows signs of inverse discharge, especially by the 

absence of a sharp equatorial line dividing the light from the dark 

hemisphere. (The two positive terminals are connected by a wire, or 
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only the anode or the anticathode may be used to get the best radian, 
The tube should be so placed that its long axis iz parallel to ¢] 


Li ti 
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| ra 


to be treated, the wires are in this way as far as possible from th 
patient. ‘The radiance i equally mtense in practically all directions jy 
front of the anticathode. 
The neighboring parts should be protected by the Ripperger. | 
| 


lander, or similar shield, or by shects of z-ray metal, or by 
g-ray tubes made of lead glass opaque to the x-ray ex: 


direction of the part to he treated. 
A stand should he uscd substantial enouch to stan the 1" 
tube and shield, and with arrangements by which the ty 


a ae fio - Le = : s ee 7 -_ Aa Pr % ae i = 
reacnuy acusted Mm any POSItIOn. Ouch & One 15 Lippercey 4 


kes 
modified by the present author. 

The Dosage of the 2-Kay.—This 1s a matter which is influene 
rarious considerations which produce the greatest possible differen; 
in the intensity of the radiation from different apparatus and 
the same apparatus differently manipulated. Two entirely diffe 
methods of administration are im use. In one, moderate doses are 
at intervals of one, two, or three days until a reaction of the desired 
degree 1s gradually produced. The other method requires a knowledes 
of the dose which will produce the necessary reaction with a single 
application. It 1s comparatively easy to define the dose for the iret 
method; it is an exposure of one to two minutes at 5 inches from the 
anticathode or four to eight minutes at 10 inches. using the apps rains 
and adjustment described on p. 1046, ¥ a 

The dose in the second method is equally easy to define, but requires 
4 special apparatus for its measurement or very great experience and 
Judgment in applying the x-ray. One special apparatus is Holzknecht'’s 
chromoradiometer. A chemically prepared pastil is exposed at the 
came distance irom the tube as the part under treatment, anc the ap- 
plication 13 continued) unity the pastil has changed eolor tn ere 
spond with 1, 2, 3, 4, or possibly 5 of the color scale. This indicates 
that the irradiation has amounted to a corresponding number of Holz- 
Knecht units, { me H. is about a third of the amount of the x-ray 
separ be = plied at one session in order to produce a visible reaction 
reacts : ee re - iH. = a full dose, and would not be repeated until the 
reaction hac developed and subsided. usually not for several weeks: 
es a very large dose, Sometimes required in eancer cases: 2 H. is @ 
Ray Skye peel De repeated every two weeks and will maintain a 
should be of : rate reaction. In every case it is necessary that the tube 
hal be ofthe proper degre of rac, athough Holrknecht thous 
This has oe raved tp re whe ther the vacuum were high or ow. 
amount. Without the arcu =e but the apparatus does measure the 
tion in which the distance aiid erent : tei would feet leit Galen = 
plest, and the intensity of the Abe oe rath Senay would be: the ens 
factor. Sanarat aiiation would be the most complex, 
a arb cen of ty Det tho empl i 
body near the part under treat pavintes placed upon the surface of the 

Mh r the part under treatment. A part of the screen is shielded 
from the z-ray by different thicknesses of some such material as lead- 
' Comptes Rendus Acad, des Sciences, Paris, yol. exlii, p, 447. 
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Pig. (37.—Selenium cell intensimeter for rz-ray dosage 


the x-ray. Some parts of the shaded portion may be found to have 
exactly the same logs of brilliancy as the unshaded portion; the number 
of parts which have attained the maximum loss of brillianey shows the 
AMOUNT OF <-TAy applied. Such an Apparatus should be standardized 
so that each umt would be equal to 1 Holaknecht unit or a certain frac- 
tion thereof, 

Selenium Cell in z-Ray Measurement.—Geo. C. Johnston, in America,! 
and Luraschr describe a method by which the varving resistance of a 
selenium cell when exposed to the x-ray is used as a measure of the 
intensity of the latter. The general arrangement is shown in Fig. 735. 
A drvy-cell battery generates a current the strength of which is indicated 
on the milliamperemeter and is dependent upon the resistance in the 
selenium cell and in a certain adjustable additional resistance; the latter 
is regulated so as to have the indicator point to the zero mark on the 
scale. When the resistance of the selenium cell is lessened by exposure 
to the z-ray the milliamperemeter registers an increased current. Ihe 
selenium cell is set at a point near the z-ray tube, and the battery, 
resistance, and milliamperemeter may be at a distant position, where 
the operator may be protected from the z-ray by the interposition Of A 
brick wall if this 1s desired. Any change in the amount ol CUIrent 
registered by the milliamperemeter would, of course, indicate & Quctua- 
tion in the ‘amount ot -ray beim ¢ fenerated by the tube, anil would 
cause the operator to take the necessary steps to regulate the tube. 
The use of the apparatus as a measurement of dosage Is more or ies 
empiric. The selenium cell is set at a certam distance from snaps 
tube and the amount of deviation produced in the muillamperemeter 
is noted. ASabouraud and Noiré tablet for radiometry or a Holzknecht 
tablet is exposed for the time necessary to produce a specified number 

1 . wr. Roentgen Hay Soc., 106. 
2 aS cloctncité Medicale, Jan. 10, 1908. 
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of Holzknecht units. This furmshes a scale from which the operator 
ean judge of the number of units or fractions of units applied in any 
number of minutes. It is necessary to place the selenium cell at the 
eqme distance as In determining the standard, and to ree@ylyti the in- 
tensity of the z-ray so that it will produce the standard deviation in the 
milliamperemecter, and then CX Pose the patient for the me CSSary NUuMm- 
her of minutes to produce the required dosage. 

Bordier’s Urat [.—It is the amount of x-ray which, acting upon 4 
2 per cent. solution of 10 loform in chloroform, the rays being normal 
to the surface—the surface bemg 1 square centimeter and the depth 1 
centimeter—will bberate 7’; milligram of iocin. . 

3.5 I is about equal to 5 H. (95 Holzknecht units). 

Bordier's Radiometric Tints.—These depend upon the change in 
color undergone by barium platinocyanid at half the distance from the 
anticathode to the skin. 

Bordier’s tint 1 (clear yellow) equals 21. (I equals the quantity of 
z-ray which will hberate +4, mulbgram of tocdin in 1| ce. of Freund's soly- 
tion. The latter is a 2 per cent. solution of iodoform in chloroform 

FC and becomes red when exposed 
pFoknes cell |= to the z-ravy). His fini 2 (sul- 
, phur yellow) equals 34 I. His 
tint 3 (gamboge) equals 53 I. 
Faesrsinesce a ee ana 2 
ATE | His find 4 (chestnut) equals 10 I. 
Confremoulin's  Hadiophoto- 
metric iW ethod.—This consists in 
a method for comparing the il- 
lumination produced in a barium 
platinocyanid screen with that of 
| ordinary light of different candle- 
Fig. 738.—Principle of selenium cell in z-ray POWETS- 
dosage’ ~—Schwartz’s Method of Radiom- 
; ; éeiry.—This is to determine by 
volume the amount of calomel precipitated from a solution of ammonium 
oxalate and mercury bichlorid when exposed to the z-ray. 
ean astez modifies Schwartz's method by taking the weight of the pre- 
cipitate instead of its volume. } 
Fett’ : M ethod of x- hay Dosage by a Voltameter in the Secondary 
Licinl, He instrument 1s hke a pipet containing 15 cc., but with 
its lower end bent up so as to hold about lQ cc. The latter is open 
at the top. Platinum wires allow the secondary current to pass through 
the acidulated Water in the closed arm of the pipet, and bubbles of 
mixed hydrogen and oxygen gas are liberated and accumulate at the 
top. The number of cubic millimeters of gas liberated while a Sabou- 
raud and Norré barium platinocyanid pastil is changed to tint B 
affords & UD which may be subdivided at will for future treatments 
ee having to use the pastil each time. and it is useful by ceiving 
SMANer fractions than the Sabouraud and Noiré method. 
Bae alas Ak the sR amy % a le ¥ Seu used in photo herapy 
ead which Ste closely over the obeerver’s cye and rf dhe other eels dink 
mine ac observer's eye and at the other end a disk 
of which 1s opaque and black, the other half being coated with 
| Arch. d'Electricité Medicale, Jan. 10, 1907. 
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Opposite the end of the tube there is a quartz window 
ameter. The L 
the hquid, and through the quartz window at the end 
and produces a greater or less fluorescence in the barium platinoesar:. 
at that point. The solution with which the box is filled absorbs 
actinic rays, and if the layer of liquid is thick enough it will entirel~ 
prevent the visible fluorescence of the barium platinocyanid. ly apply- 
ing the test the actinometer is held at a distance of 2 meters from the 
source of lirht, and the tube is moved back and forth in the box so as to 
MeaSure the thickness or liquid required i Suppress the fhuiorescence. 

Tested in this Wal aD are lisht for phototherapy (current of 110 
volts, 20 amperes) suffered absorption of all its actinic ravs by 58.5 
mm. of the solution; a large are lamp for stereopticon purposes with 
vertical carbons (110 volts, 20 amperes), by 55.5 mm.: a small are 
lamp for the stereopticon (110 volts, 7 amperes), by 42.5 mm.: the direct 
rays Ol the sun at 4:30 P. M. im July, by 449.5 InmM. 

This method is applicable to all varieties of phototherapy, including 
the ultraviolet ray from Geissler tubes. It has not yet been deter- 
mined whether this furnishes a reliable guide to the comparative in- 
tensity of the z-ray, but it certainly seems less convenient than the 
ordinary radiometer dependent upon the thickness of a metal which 
the x-ray will penetrate. This is indicated upon a barium platinocyanid 
ecreen or upon a photographic plate in the cases in which it is desired 
to produce an indisputable record of the penetrating quality of the ray 
employed in making a radiograph" | 

Kienbick’s Quantitameter for Measuring 2-Ray Dosage.—The appa- 
ratus used by this Vienna radiologist? employs little slips of not very 
sensitive bromid paper of a standard make. One of these is wrapped 
in black paper and exposed at the same time and distance as the patient; 
then it is placed in a developing solution of standard strength for a 
standard time (one minute) inside a little portable dark room. The 
developed paper is at once compared with a seale of different shades of 
paper. The number marked on the shade which the test paper matches 

Indicates the number of Kienbock units applied. Each unit is called 
“x,” and is equal to 4 H., so that this method is twice as delicate as the 
Holzknecht method. The developing-box is just large enough for the 
hands to work mmside of, a dark sleeve being fastened around the wrist 
to exclude ordinary light. Ruby glass windows admit red light and 
allow the operator to see what he ts doing. Possible sources of error 
are a change in the sensitiveness of the paper from age or atmospheric 
conditions and a change in the activity of the developmg solution. _ 
Milton Franklin's electroscope for the dosage of the z-ray consists 

of a delicate clectroscope, which may be placed at a measured distance 

l Arch. d’Electricité Medicale, Bordeaux, France, Jan. 15, 14K. 

~ . * Mow Harn ee 125, April, 1006. —_ 
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from the tube. The electroscope is first charged and the rapidity of 
discharge is noted by means of a magnifying glass. <A circular metal 
disk forms a shield for the operator. 

The Sabouraud and Norré Radiometer.—This 8 described more fully 
on p. 1073. A little tablet coated with barium platinocyanid is exposed 
at half the distance from the anticathode to the surface to be treated 
during the z-ray application. When the original apple-green color has 
changed to tint B, a brownish yellow, a full dose of 54 Holzknecht's 
units has been applied. 

Haret’s Carrier for the Sabouraud and Noré Kadiometer.'—This ap- 
paratus (Fig. 739) is employed by the author and is made of hard rub- 
ber and 15 clamped to the x-ray tube near the cathode. It carries one 
of the Sabouraud and Noiré tablets, which may be adjusted at half the 
distance from the anticathode to the patient, and also a dark brownish- 
vellow tablet for comparison. During the 
exposure the radiometric tablet is pro- 
tected from ordinary light by a sheet of 
black paper, but occasionally the tablet 
may be turned back for comparison with 
the test object. When it has turned the 
same dark yellow color as the latter it is 
ealled tint 6, which means that a full 
therapeutic dose has been applied, causing 
all the hair of the scalp to fall out from a 
single treatment. This is equal to 54 
Holzknecht units. 

lt is supposed to be necessary only to 
simply continue the exposure to the z-ray 
until the test object has undergone the 
standard chemic change as indicated by 
its color. Practically, it is found that a 
variety of conditions, atmospheric and 
otherwise, render it difficult to apply these 
methods every time the r-ray 1s turned on. 

rea ee ete:  _ At the same time, these methods, applied 
the oh tere ee besa Fie under ideal laboratory conditions, are ex- 
cter- ree ; cellent for use In standardizing other more 
practicable methods of dosage. 

The practical object to be sought is a means of measuring the m- 
tensity of the radiation in terms from which one may in an instant 
calculate the duration of exposure at a given distance required to 
produce a certain effect on the tissues if ravs of a certain quality are 
emploved. : 

Tousey Units of z-Ray Power and Quantity. 1 Tousey is the z-ray 
Dower which will produce Opn kodak photographic flr an effect equal 
to that of 1 candle-power of carbon filament incandescent electric light 
of the usual brightness, apphed for the same time and at the same cis 
tance. Different films and plates present different ratios of sensitive- 
ness to light and the z-ray. Kodak film is selected because universally 
obtainable. 

1 Towsey meter second is the quantity of the z-ray which will produce 
upon kodak photographic film an effect equal to that of 1 candle-power 
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t 6 Benowt penctrahon = 1 H 
of about 6 Benoist penetration = 5) H. 
of about 6 Benoit THT = Tint B. Saboursud and 
Sore 
f about 6 Benomt penetration Tint 1 Borer 
fabout 6 Benoit penctration = 3 or 4 units I Bordix 
(aahimarc 
f about 6 Benoit penetration 625 Guilleminot 
MI. 
0) Tousey meter seconds of about 6 Benost penetration = 10 X% (KRienbock). 
Ww) Towey meter seconds of about 6 Benoist penetration = 3.0 Knloms (Sehwartz) 
wad be usey meter aconds of about 6 Benoit pore Lire bacon = An ordinary erythems 
iid che ; 
rey Te ley Teles aE S of about 6 Benoit Penetration =An ext Teme erythema 
doze without uleers- 
tic. 


This is a valuable means of gauging the mtensity of the z-rav, and 
so determining its safety limit and the exposure required to make a pic- 
ture in radiography and its dosage in therapeutics. 

Measurement of the Tousey Power—Separate portions of a kodak 
photographic film are exposed to 1 meter second of incandescent elec- 
tric heht and to various numbers of meter seconds of the z-ray which is 
to be tested. Then the entire film is developed in the regular full- 


strength photographers’ tray-leveloping solutions, not the slower tank- 
developing solutions, for ten minutes in perfect darkness. The effect 
of ight and z-ray appear in different lengths of tume and it is essential 
that both efiects should be fully developed. Stopping after two or 
three minutes’ development would give a misleading ratio. 

Do not attempt to make any such comparison a5 LO Sav that the 
photographic effect of 1 meter candle-power second of electric hight seems 
to be twice as great as that of 1 meter second of the z-ray to be tested. 
The only reliable method ts to trv different z-ray exposures until one 1s 
obtained which will exactly equal the photographic effect of 1 meter 
second of electric light. Thus, we may find that two seconds exposure 
to the z-radiance to be tested at a distance of 1 meter (1. ¢., 2 meter 
seconds of that particular z-radiance) produce a photographic effect equal 
to 1 meter second of electric light. In that case the z-radiance is said 
to be of § Tousey power. 

The z-ray and ordinary light both diverge in every direction, and 
their intensity varies inversely as the square of the distance and directly 
as the intensity of the source. One meter candle-power second ol 
electnc light may, therefore, consist in the light from a 16-candle-power 
lamp apphed for one second at a distance of 4 meters, or a 4-candle-power 
lamp for four seconds at a distance of 4 meters. 

‘The x-ray test applcation had usually better be made at a standard 
distance of 1 meter, and its power is inversely proportional to the number 
of seconds required to produce 1 Tousey meter second (i. ¢., to equal the 
photographic effect upon kodak film of 1 meter second of carbon filament 
incandescent electric light of the usual brightness). 

‘To measure the most powerful z-radiance, which can only be turned 
on for a fraction of a second, the best. way is to make three exposures of 
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Fiz. 740, Fig. 741. 

Figs. 740, 741.—Tousey measurement of ray power. Two middle squares expos 

to 1 eandle-power meter second of incandescent electric ight. The others exposed oat i 
r-ray for different times at a distance of l meter, The effects, which are exactly equal to 


the standard 1 candle-power meter second, enable onc to calculate the Tousey power af 
the x-ray. 


cathode to the skin) would be an erythema dose. This exposure at one 
time, or divided among several radiographs within a week or two, would 
produce an z-ray burn. If one’s technic is so poor or the subject 50 difhi- 
cult that the examination cannot be completed without approaching 
this safety limit, the attempt should be abandoned. 

A-ray of 1 Tousey power will make most radiographs in a fraction 
of a second with or without an intensifying screen, depending upon the 
dificulty of the case. : | 

The T ousey Method of Deange in Rintgenotherapy.—F or surface lesions 
n} filtering screen is used cither for previously measunng the “lousey 
power with a Kodak film or during the treatment. If the r-rad ance has 
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a penetration of about 6 Benoist and z) Tousey power, then sixteen 
minutes’ exposure at 64 inches from the anticathode to the skin will L ne 
an erythema dose of 500 Tousey meter seconds. Other distances and 
their erythema doses are given in the following table: ar, 


Erythema Dose of x-Ray in Ordinary Therapeutic Strength. 


Deetance from anticathede to skin. 
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For making the test, flat kodak films measuring 23°31 inche 3 
bought from the Eastman Kodak Co., Rochester, NYG, A: One 
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; “| in it lneck i nvelope which Hs Lees TT | winclows mut 
which can be opened separately by turning back a flap 


1 i | ca - q "I 
aration: are mace m the dark room and preferably at night. 


STAD CePA Wer ITP 1S ler. DUTRING In The Outer room At & ciestance of 
covered by a black paper except at the side toward the 


bl yy Lrg Opened OTe ot tl i" Hapes in t he Pnvelone iny | he tlark- 
F 


open 


ng is covered by pressing that surface against the opera- 

til the door is opened, and then, stop-watch in hand. the 
Oj held toward the licht 4 meters distant for four seconds. 
The front of the envelope is pressed against the operator's chest to pre- 
vent further exposure and the door closed; then the portion just 
exposed to licht 1 covered and another portion gotten ready by turning 
back the other lap. ‘Two portions are exposed to l-candle-power meter 
second of incandescent electric ight separately, so that one acts as a 
control as to the accuracy of the other. After the exposure to light the 
entire envelope 1s placed imside a larger black envelope. 

A number of such packets may be prepared at once and kept in 
lead-lined box ready for the z-ray exposure. For the latter purpose, a 
thick sheet of lead is folded around the film packet lke the cover of a 
book. The openimes m the front cover are closed by lead flaps which 
may be turned back separately, exposing different parts of the film to 
the x-ray for various numbers of seconds at a distance of 1 meter. On 
developing the film 6 squares will be found to be darkened, two bv elec- 
tric licht and four by z-ray. It 1s essential that a large part of the film 
shall be protected from both, and the fact that this portion does not 
darken in the developing solutions shows that the darkening of the dif- 
ferent squares 1s not due to any accidental exposure during the process of 
development. It will not be safe, for instance, to expose the film to the 
ruby light in the dark room during development. 

Tousey Power of the z-Ray from Various Generators —A 12-inch mduc- 
tion-coil, with a wheel interrupter anda primary current of 110 volts 
and 5 amperes and a secondary current of 1} ma., produces an z-ray of 
about as Tousey- 

The same coil, with a Wehnelt interrupter and a primary current of 
110 volts and 18 amperes and a secondary current of § ma., produces an 
z-ray of about 7; Tousey. 

A static machine actuated by a current of 220 volts and 25 amperes 
and sending about 64 ma. through the z-ray tube produces an z-ray of 
about + ‘Tousey power. 

An interrupterless transformer or a high-tension direct current gene- 
rator produce from } to 1 Tousey for radiographic work, and may be 
reduced to es Tousev for treatment or fluoroscopy. | 

Villard’s Instruments for Measuring the Intensity and Quality of the 
z-Ray.—These depend upon the ionizing effect of the my. The radio- 
sclerometer is of the nature of a quadrant electrometer, which Is con- 
nected with a source of uniform potential, such as a direct 110-volt 
of electric-light circuit. The z-ray can reach different parts of the ap- 
paratus through an aluminum and a silverscreen. The deviation of the 
electrometer indicates the ratio between the radiation transmitted bv 
the silver and by the aluminum. This is dependent upon the quality of 

the ray and not upon its intensity. 
The radioquantitometer registers by clockwork the number of times 
that an clectroscope, connected with the 110-volt direct current, becomes 
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eharcii A red discharge curing the total time that the patient TT: ae | 
to the 3-1 av. lhe electroscope in this case 15 of the reneral] eonstructi in 
of a quadrant electrometer, | 

Fach of these two instruments looks like a milliamperemeter. ancl 

ia intended to be placed al the same distance from the T-ray tube as the 
mati ‘it. 
: Influence of the Rate of Interruption in the Primary Current 
Upon the Quantity of a-Ray Produced.—In an experiment hy 
Bordier, with the same strength of primary current and the same 
quality of x-1 ay, | he Sab. uraud and Noiré radiometer al sorbed! 1 tint 
m nineteen minutes with 1938 interruptions per minute: and required 
only ten and a half minutes when the interruptions were at the rate oj 
3544 per minute. 

This has a very important bearing upon the subject of dosage in 
radiotherapy. li does Noi impair the 1 a lie of any ot t hic MesSuremen 
which depend upon the change produced in a chemie substance, but it 
does affect measurements based, like the author's, upon brillianey of 
illumination, or, like Johnston's, upon the resistance of a selenium cell. 
The last two methods and several others might vive different results 
with different types of apparatus sending impulses through the z-ray 
tube ai different rates per minute. 

The use of the statte machine for z-ray treatments is entirely satis- 
factory if che machine 1s powertul enough and in good working order. 
Measured by a milhamperemeter the current passing through the tube 
will be found not to be much over 1 or 2 ma. at the most, and the faci 
that the amperage is very low makes the heating of the anticathode 
very slight. In fact, the heat 1s dissipated as fast as it 1s produced, 
and so the bulb may be used for hours without getting hot and without 
maternal change in degree of vacuum. It is on this account that the 
less expensive, but equally well made, light anticathode tubes are used 
with the static machine. The small amount of current passing through 
the tube causes the Intensity of the ray to be =o slight that much longer 
exposures are required than with a coil. Experience in radiography 
shows that the time must be about five times as long, and in fluoroscopy 
the safe time of exposure is so long that there is danger of forgetting that 
there is a limit. beyond which there is the risk of a burn. In radiotherapy 
with the static machine, in the absence of special apparatus, like Holz- 
mnecht’s chromoradiometer, the dose which may be administered every 
two or three days may he stated to be eight to fifteen minutes at 4 dis- 
tance of 10 inches from the anticathode. This is with a machine having 
twelve or sixteen revolving glass or mica plates, 32 inches in diameter, 
and with a tube of medium or high vacuum, backing up a spark of 3 to 6 


inches. Spark-gaps are generally uscful when working with a static 
Machine, ; 


—— | 
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THE X-RAY IN THE TREATMENT OF MALIGNANT DISEASE 
| The tray Most assuredly has a selective action upon the aty pic, 
rapidly developing cells which constitute the ess 


eae, ntial part af most 
malignant neoplasms. There 


| : it reason to believe that the soft rays. 

Hiose with the least penetrating power, produce the most bereficial 

cect, and it is very certain that the diseases, like epithelioma, in which 

the lesion is often a purely surface one, are much more amenable to this 
‘Are. d'Electricité Medicale, Jan. 10, 1907. 
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Of a large malignant growth will cause a sort of toxemia. 
nporary matter and its nature is discussed in the ch: ipter on 
; oe effects of the z-ray. It may furnish an Indication 
for less \ morous treatment tor a time; it does not indicate a tendency 
on the par of ah: treatment to produce MClastases and a reneral 
dissemination of t i¢ disease. The latter quest tion has been most thor 
oughly studied. in certain cases which are submitted to r-ray treat- 
ment while the disease is still purely local, and before anv metastases 
have taken Pp lace, the x-ray effects either an actual or a symptomatic 
cure. In other cases metastases have already occurred and may some- 
times be demonstrated by z-ray examination in the mediastinal glands. 
althouch symptomatical ly the disease ma vy still appear to be a wees ee 
In such a case z-rav treatment m ‘Lt produce a brilliant effect upon the 
local lesion, and this may be accompanied by a most gratifying increase 
in health and strength. Then after a period of, it may be, seemingly 
perfect health lasting for several months. the patient ‘shows oy eee 
aft ae syste mic involvement. and a fatal termination very quickly ensues. 
In such cases the z-ray has not caused the dissemination of the disease. 
it es 5 Sl imply heen un: able to prevent it. Much benefit may be accom- 
plished 1 Ith such Cases In the direc ‘tion of &remoy Ing, controlling. or pre- 
venting the recurrence of a local lesion and delayi Ing the occurrence of 
metastases and death, and, except for intrathoracic and intra-abdominal 
cancers, a considerable percentage of cures may be expected. X- -Tay 
treatment before and after an operation upon an external growth, such 
a5 & Carcinoma or sarcoma of the breast, has a decided tendency to pre- 
vent recurrence. The same holds cood of cancers of the neck of the 
utenis, a part which can be reached direct ly by the z-ray, but here 
internal involvement has practically always oecurred before z-ray 
treatment is berun. Valuable and effective as tt is in these cages It 
will probably not save the pe itient’s hfe. The beneficial effects of the 
z-ray me iS neer are the relief of pain by an immediate action, the cure or 
control of a local lesion, a directly bene ficial effect upon the general 
health, he prevention of recurrence if internal Ivolvement is not al- 
ready present, and the cure or control of external glandular metastases. 
A-ray treatment is indicated at every stage of a cancer, but it should be 
“in adjun et to and not a substitute for surgery in the majority of cases. 
The technic consists in exposing mot only the affected region, but a 
considerable sur rounding: aren, to the raves from a tube with a low 
Vacuum (resistance 1 or 2 inches, radiometer 2 or 4) for surface lesions, 
and a medium vacuum (resistance 3 inches, radiometer 5 or 6) for those 
more deeply seated. It 13 absolutely necessary to produce a certain 
degree of reaction, but probably the best results are obtamed when this 
occasions only redness and a dry desquamation without ulceration. 
Cases of deep-seated cancer, as of the breast, in which the disease has not 
produced wiceration, sre as amenable to the influence of the F-ray 03 
eases in Which ulceration has occurred. The same two methods are 
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available for Cancer that are used for other cases. By one method 
moderate doses (nine minutes at 10 inches from the antic: those. wii 
an intensity which shows the bones of the hand 

Wehnelt interrupter with tip of platinum 1 

primary current = AMpercs, current tl rough 


minutes at a distance of 10 inches from the antie: atir 
; u : a 1 a ie P| el minutes 
at a distance of 10 inches from the. anticathode) are given about ¢ ery 
three (lays. The development of the cdesirect react in is orachial 7 c| ‘he 
| = le it 


dosage may be reguiated accordmgly. ‘Treatment is usually eon: 
for a good many months, possibly making com] 


i. a . =] j= " ee laens = a wy = as = | 
machine Tyieth LWweive rt Wit hh pla ara aa | neces in Oiame 


iInued 
: ~—. ; lete intermissions from 
time to time. The other method involves the administering. either at 
one dose or in half doses, of a sufficient amount of x-radiation to produce 
the necessary degree of reaction. The amount is measured by Holy 
knecht’s chromoradiometer, and is 4 H..5 H.. or even more in certain 
eases. The application should not he repeated until after the develop- 
ment and subsidence of the reaction. This will take from three to «ix 
weeks. The Miiller heavy target tube, No. 13, or the Miller water. 
cooled tube, No. 14, are excellent for this purpose. A localizing shield 
is a desirable means of protection for the operator and the patient in the 
treatment of most cases. 

With some apparatus a primary current of 2 or 3 amperes and 12 
volts is suitable for therapeutic work, while with others a primary 
current of from 5 to 10 amperes and from 60 to 90 volts is required. 
The different elements that go to produce the x-ray are so complex 
and mutually dependent that the only universal measure of efficiency 
and dosage is in the radiance itself. : 

The number of milliamperes actually passing through the tube 
furnishes a guide of considerable value, though it does not dispense with 
the other considerations. With a tube of medium or low vacuum 2 or: 
Mma. passing through the tube usually produces about the intensity 
Of radiance required for the normal dose. This normal dose is the 
strength which may be repeated every two or three days until a reac- 
tion gradually becomes established. 

Gaiffe’s, Snook’s, or Weston’s milliam peremeter, showing exactly the 
amount of current passing through the z-ray tube, is valuable in con- 
nection with the other factors which go to the production of the z-ray. 
Taken by itself it does not furnish a reliable guide. 

li & large region is to be treated, the full number of units may be 
applied to different portions one after another. Within reasonable 

mits the z-raying of several different parts of the extremities on the 
same day does not produce an undesirable effect, but it is especially 
necessary to limit the application so that adjacent parts will not receive 
a double doze. Further details about safe and dangerous doses have 
“n @iven in the article on X-ray Dermatitis. 
. & transformer is used instead of an induction-coil the primary 
eurrent should be turned on sufficiently to produce a current of 2 or 3 
ma. through a tube with a medium or low vacuum. This form of ap- 
aa requires no Intermipter and works on an alternating cireuit. 
a secondary current 1s absolutely steady, ancl perhaps this 1s the best 
*ppsratus yet devised. It is described in detail on p. 723. 
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friction W ith tar soap and warm water seem to me preferabic. 

Phe appheations may be of the frequently repeated mild type or of a 
more severe type, such as 2 Holzknecht units repeated every couple of 
weeks. In either case it is necessary to produce a slight reddening 
of the SUTLaCe, and the anticathode shi ule he Lt) Inches Or Tore froreciie 
face, eo thin LIM eftect may we about equal on the whole surface exposed 
J he vacuum should be the lowest that will produce a brilliant radiance 
m the fluoroscope (resistance about 1 inch, radiometer about 2). The 
eres, AIT. anc evebrows shouted be protected, Ft locahzine shield beimg 
very convenient. Treatment by the z-ray alone will effect a cure in 
the majority of these cases in from three to six months. Combined 
with high-frequency currents as a stimulating application the time is 
eomew hat shortened and the assurance of success is greater. My 
own treatment is the z-ray and high-frequency currents combined with 
the following medicinal means: Internally, — | 


R. Pulv. rhei......... are er. ij; 
Pulvy. ipecac.. hire Plier cial er. i- 
eu bicarb,......... er. ¥: 
TY. WUCIS VOM... kee ees .. 2v 
Aquze menth. pip. ; weeees O< 3ij.—M. 


This is one dose, to be taken before each meal. Externally, tar soap 


i 
and warm water, used vigorously enough each night to cause redness of 
the skin, and followed by 


BR. Pulv. ac. salicylic. ............. = | er. X OF XV; 
Ung. zinei oxic. (vaselin base) ee ....ad. 37.—M. 


This is my treatment for all forms of acne, and the worst cases even of 
acne rosacea have been completely and permanently cured. Only the 
mildest +-ray treatment is required in this combination, and this is an 
especial advantage, because more severe applications of the x-ray may 
cause atrophy of the skin. ‘The latter condition resembles the shrivelling 
occurring from age. I consider it unnecessary to squeeze out comedones 
and very undesirable to incize or curet the pustules. The scarring that 
can be inflicted by that sort of treatment is simply terrible. 
Hypertrichosis.— Mild repeated applications of the z-ray, searcely 
doing more than to gradually tan the skin, are entirely ineffective m 
dealing with this condition. To suceeed It 1s necessary to produce a 
decided reaction in the skin accompanied by loss of hair. This must 
be repeated after about three months and perhaps more than once 
after that. The hair follicles can certainly be destroved, but whether 
' New York Medical Journal, Feb. 23, 1907. 
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this ies he cone without producing STR degree of atrophy ot the skin 
1s questionable. With careful manarement, this atrophy mae ba ao 
slight as to be a very predat improvement over the onginal condition in 
eases with almost a beard, but in cases with just a slight exaggeration of 
the normal downy rrowth f-TAy treatment 1s not to he recommender, 
For r-Tayv Lresatmecnt the vacuum should be low, the neighboring Darts 
of the face protected, and the applicat Lon may consist of 3 H. repeated 
ence every six or cight weeks during six to twenty months: or of ? H. 
every three or four weeks for six months, then stopping for two months 
to sce whether the atrophy ts rong to be so marked as to make further 
treatment undesirable. If this 1s not the case treatment 1s recommenced. 
Another plan 1s to give a course of from six to ten treatments of such a 
nature as to produce a reaction from their total effect. and still h: : 
each treatment =o mild and the intervals between them so long that 
when the react lon berins the treatments rs) be stopped with 4 Knowl- 
ede that the effect will not go to an undesirable extent. This reaction 
should be accompanied by complete loss of hair over the exposed area, 
and after it has subsided the skin should be left as smooth as a baby’s. 
The hair almost all returns after two or three months and the course of 
treatment has to be applied again. Three or four courses of treatment 
may be required during the course of a year, and are hkely to be partly 
successful in permanently lessening the amount of hair. This method 
;¢ attended by the usual risk of causing slight atrophy of the skin, and 
too severe a reaction must be guar led against for two reasons—one 
because it is painful and temporarily disfiguring, and another because it 
may give occasion for some legal claim against the operator. The pa- 
tient ought to be told that the treatment necessanly involves the pro- 
duction of an inflammatory reaction, or “2-ray burn,” accompanied 
by some redness, pain, and swelling, that it is not certam that all the 


hair will be permanently removed, and that there is some possibility 
of the skin being left somewhat thin and puckered afterward. It 
seems to be a matter which the Operator should approach with ab feeling 
that there is probably very little credit to be gained from treating such 
a case and that the wrong kind of a patient may make trouble for him. 
li MAY be undertaken at the earnest eglicitation of patient who 1s 
disfigured by a regular beard, and who understands that the result may 
not be complete destruction of all the hairs and that there may be some 
effect. upon the skin. 

A patient has recently been secn by the author who was treated eight 
years ago in another city. There had never been any redness or pall 
or swelling. The hair had simply fallen out, but had returned, and six 
months later atrophy and shriveling of the skin set in. This has re- 
cently become less and less: apparent, but the chin still looks a little as u 
it had been the seat of a very mild but thickly distributed small-pox 
eruption. 

Frample of Application jor Hypertrichosis.— The following record: 
show a series of treatments given by the author, and which produced the 
right degree of reaction accompanied by the temporary falling out of al 
the hair of the region treated: 110-volt direct current; 12-inch incduction- 
eo with Wehnelt interrupter; primary current 4 amperes; Friedlander 
tube of sume size and style as the Miller No. 13, only the anticathode Wa> 
connected with the positive terminal, not the accessory anode. The 


radiometer showed rays No. 5 Benoist. The spintremeter showed 4 resist- 
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. ela ht stay tories Mee ay appsies the applicath Ms Were stopped anc the 
further progress of the reaction was noted. The portion of the fare 
which had been treated became quite a fiery red and somewhat swollen 
and quite painful, This gradually changed to a darker red or almost 
e brown color. There was desquamation of the epidermis and com- 
plete a ling out of the hair. but without any ulcerat LOT. The face had 
to be treated in several different sections, each part in succession receiv- 
ing the amount of CXPOsure specified above, while the rest of the f ace 
was protected by sheet lead. Besides the atrophy of the skin. there 
sy develop a dilatation of the superficial blood-vessels. such as a i 
upon the noses of chronic alcoholic subjects. X-ray treatment, then, is 
mdicated only in severe cases where the resulting slight changes in the 
skin amount to nothing in comparison to the relief experienced from 
the removal of the original disfigurement. The more experienced the 
operator, the better within certain limits wiil he be able to regulate the 
changes produced in the skin. ; 

The use of an alum filter, 1 mm. thick, and the application of 
single doses of 1 Sabouraud (53 H.), or a little less, is apt to cause falling 
out of the hair without inflammatory reaction; 1t may have to be repeated 
several times to secure any permanent removal. 

Favus.—In this disease, when it affects the scalp, the z-ray ts 
probably the best means of treatment. The object should be, by one 
or two vigorous applicat lons, or by a Series of frequently repeated mulder 
ones, to produce complete temporary loss of hair. After this has been 
produced it 1s easy enough to eliminate the fungus by suitable mect a 
ments. but this is not the case if any hairs have been left. The sealp 
should be exposed in four different sections (frontal, occipital, temporal, 
and parietal) and the anticathode should be far enough away (about 
10 inches) to secure uniformity of action. Sheets of z-ray metal form 
the only ant isfactory protect Lon while each particular portion is exposed, 

If one full dose is given it should be of 4 or 5 H. (Holzknecht units), 
and it should be repeated after three or four weeks over any portion 
which has not become depilated. This treatment produces Se ee 
derided reaction, which is most severe im the regions already inflamed 
by the disease. The hair falls out and there ts considerable desqua- 
mation. The hair begins to grow again six weeks after it has fallen our, 
but, of course, the follicles which have bene destroyed by the favus 
uleeration are not regenerated. The application must not. be too severe 
or the hair follicles will be destroyed by the ray SNC oe gone ar 
permanently bald. This is Holaknecht’s own method, Dut Freund, oO 


a | pore in Ameren secure the same reaction in the 
Vienna, and most operators in America 5ecun : 
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effect upon one small area before treating all the regu ns attecterl, 
In no case should repeated severe reactions be used that would destroy 
the hair is Whieles entirely. ae 

Sycosis.—A-ray treatment gives excellent r sults, the technic he 
the same as for favus of the face. It 1s one of the diseases in whicl 

r-rav may be rerarded AS & specific. : 

Peoriasis.—One full dose of 2 H. for the face or 34 H. for the body 
suffices to CAUEe the disappearance of the patches Over the area exposed 

The hair should be protected by 2-ray metal. No in Hammatory reaction 
should be soucht. Recurrence is as liable to take place as aiter any other 
treatment. Or smaller doses may be given, and repeated every day at 
first. and later every other day, until the appearance of the slightest 
possible reaction. The vacuum of the tube should be medium or low. 
- The author's experience indicates that the diseased area 15 much 
more susceptible to the z-ray than the surrounding skin, and also that a 
second course of treatment finds the diseased areas with an increased 
susceptibility. The pomt of the elbow where the disease is often 
present is particularly slow to heal after a severe dermatitis. Smaller 
doses than usual should be used in recurrent cases of psoriasis. 

The way in which the patches disappear is quite remarkable. There 
is no doubt about this being due to the application of the z -ray, because 
areas which receive a sufficient dose clean up completely, while bLOS* 
insufficiently treated do not show complete improvement. The center 
of a large patch may become perfectly clean if the tube is close to the 
surface and is kept in one position, while the edges are but slightly 
improved. The distance in this case from the anticathode to the 
edges of the psoriatic patch may be considerably greater than from the 
anticathode to the middle of the patch. As the intensity diminishes 
with the square of the distance the tube must cither be af a consider- 
able distance, so as to recluce the difference in the relative distances, = 
the tube must be changed from one position to another during the 
exposure. A greater distance requires a much longer exposure. . 

If success requires equal exposure of all parts of a single pateh 1 
will be readily seen that a number of patches on different aspects of 4 
limb must be treated individually. 

The application should be limited to the areas of disease and 4 
small zone of surrounding skin. This is not to prevent undue acto’ 
on the neighboring skin, for, as already mentioned, the dose required a 
affect the diseased area is smaller than that required to affect the soum 
skin. So many regions of the body are affected that appheate! 
to all of them with a bare z-ray tube might produce some undesirabie 
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about 6 H. may be applied once in five 

or six weeks, or milder doses, amounting 

to the same total, in about three weeks, 

and then followed b¥ ht hit intermission 
of three weeks. 

The case shown in Fig. 742 of keloid 

of the lobe of the ear was given a num- 

ber of z-ray applications at St. Barthol- 

omew's Clinic with commencing bene- 

fit, but abandoned treatment before it 

wascomplete. Itwas more of a tumor 

than most eases of keloid. They are 

often more hike hypertrophied sear-tis- 

sue and are then more quickly amenable 

to treatment. It takes from three to 

six months in any case, and there are 

so far no observations to show whether | 

it removes the tendency to the develop- p.. 740 _Eutoid of the ear treated 
ment of this abnormal tissuc In new by the z-my- 

places. It is a treatment which ts to be . ; 
very strongly recommended in cases of larger extent. where electrolysis 
would be painful and tedious. J he z-ray i not the only successful 
treatment for keloid and perhaps not the best one. ‘Treatment by 

hiosinamin is to be considered. 

Sng the Treatment of Keloid.—This method of treatment 


; = 204 7 and consists in the internal ad- 
‘as introduced by the author In 1&4, and consists Im 1 Thimcin, 
wae ingroduc F af the drug in question. Thiosina- 


ministration or the hypodermic use See i, aa 
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t Arch. d’'Elec. Med. Exp. and Clin., 15, 355, May 25, 1206. 
aNew York Medical Journal, StH. 
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year, but resulted m a complete cure of the growth and of the tendener 
to the formation of others. | ; 

Whether the z-ray alone will cure the tendency to keloid is a question 
not yet settled. , | 

Cases of multiple keloid have been reported by Sievers! which were 
cured by the x-ray without any other medication and had shown no 
recurrence in two years. 

Hyperidrosis.—This disease has been treated by the z-ray and a 
eqeeessiul technic described by Leopold Freund. 

My own technic is illustrated in the following case of most extra- 
ordinary hyperidrosis palmaris. The patient, a physician twenty- 
seven years old, had always suffered from such sweating of the palmar 
surface of the hand and fingers that sixty seconds after wiping his hands 
on a towel the unnatural secretion would fall from his finger-tips in great 
drops. 

The treatment consisted in a single massive dose for each hand of 
unfiltered z-rays about No. 7 Benoist penetration and #z Tousey inten- 
sity and about 10 Holzknecht units of quantity. This dose was applied 
f-om a tungsten anticathode 7-inch bulb excited by a 12-inch induetion- 
coil with a wheel mechanical interrupter. The primary current was 
5 to 6 amperes, the secondary 1 to 14 ma.; the distance from the anti- 
eathode to the skin 64 inches and the time of exposure twenty-eight 
minutes. This was much more than a Sabouraud and Noiré erythema 
dose of 54 H., and was made possible by the toughness of the skin In- 
volved and preliminary tests of its sensitiveness in this particular case. 

The result was redness and swelling coming on after a period of incu- 
bation. Dry desquamation, except in one small area where there was an 
actual blister. The skin was left smooth and dry, and when seen 4 lew 
months later the palmar surfaces were as dry as a bone. 

This radiance required an exposure of sixty minutes upon 4 Sabou- 
raud barium platinocyanid pastille at 64 inches from the anticathode 
to change it to Tint B. Sixty minutes at 13 inches (twice as far as the 
pastille) would, therefore, have applied a Sabouraud dose to the skin and 
one-quarter that time or fifteen minutes would have been a Sabouraud 
dose at 64 inches, the distance at which the application was actually 
mace to the skin. 

Eczema.— This disease is very amenable to z-ray treatment, and, 
according to Leonard, the lowest practicable degree of penetration pro- 
duces the best results. The z-ray tube may show the blue cathode 

‘Med. Gesellech. cu. Leipzig, January, 107. 
* Geeellechaft der Acrzte in Wien, Sitgung von, Jan. 29, 1R). 





ROUNTGOEN rTTHERAPY 


ELas | LT a 1 a i wa Se 
iE tad aT [ration fi oT 91) 


PACH AT DON I= arrested] be the al 


“| +s ' 
Comdlition Convert 


7 = il rery “Trial | tract icy 
7 ae | : 1 Fae , 

up Into Roni Be Titlianee, The 

Arnel | LLoer ib] 3 


THF pele 5 - = 
I oer 4 POS es Pure Bet UIrs cl. ine 

Fi be ia = — o- . 
AY 1S cainecult to define the «ci 


iY hear this ek in 
i= 7 a ey rye 
safest way, until a 


: ‘ E ce Aon | = _- — o = 
aitid has EA DTP Pa ig Ss 


: iS. “ | i Sas | EM oures Lomi wo ic] Fees Fy] Ten at 
ari ae i Nig aero ae — ah sd oO] WaLelwilmMm. Other ODO hat, ie 
ded dc se ph: Hf" pris Sot ravs 1s wee. lia single dos 
a j " asa = Fiver IT = Loti tel haa Tat - : Pu = | =e 
will require separate expoenr ws CHOUNE tO 3 Or 4 H.- the limbe 
Warts and Moles.— These 
7 - ol I ee rhe = 5 1 - 
moderate “ cam Bie | I] | iy be: treated bee trequent exposure ‘ 
os 2 =, a oa Sem | a. Fi es —— . = L =i TLE” Lil 
latter = - : 5 14 “POS LING tri a | rery Nea yy dose i i ‘ In th 
= = a) eo | Ba a TY Pith “i nh rat i = a i F = “I “5 a 1¢ 
ESR ae Rats ¥ important tO protect the Sounel akin Some al 
ee ah 4 ne BA a ae! he ieee, Pa ck tes “= a s : yo ' * SL 
ee eo eve lop into epithelioma, and In such case 
‘ & See, i Pet Ob ei 


"h 


aan 


t 
4 = 
i - 
i BL 


b=} 


seems probable that the slower mj 
' =m 7 a of mulder iret “F is: be =F- . 
“rere: Pea =o) La helieve that n ook LT nt LS better. Lhere : 
ries I 

rT 


E x ok Pre chance iN ti a a 
late wees : chifat I ie Sk 
procices If some cases a tendency toward : 


f nm from the r-ray 
ae ric mallonaney ; 
Pruritus.—I[tchine of the «-; en Lncy. 
= ' a is E ——a7 = bald SIT. Wi ith or te Tl i o ae P 
i relieved hv nile] annlieati eat ithout anatomic change. 
eee SP PCATIONS OF the x-ray combined with the nes af 
high-frequency currents from wulérac: <l WIth the use of 
—— sec! ents irom ultraviolet ray vaequm electrade- 
irom copper electrodes This. however sat is le apociegtc Sb ectrodes or 
appropriate { Sr =, however, should be combined with other 
PPLE e LPeReearrT LF) =a as a ee ol = = = hh om 
PP ; ale eh nt, oul h a5 420 omtment containing resorcin car- 
bolie acid. slum ant ro t} ‘ol « the Fis | I “i mat regis. 
ie Fc | ‘ Ty (OL YOL, Loe Interns! IEE Of salophen it err. 
Loree LIMes 3 UAV i otters of the omantoct ame! ce eae — ae 
aan be y- the latter 15 OF the greatest service in the cases which 
are dependent upon 4 uric-acid diathesi= 
h Nevi.— Vascular or hairy nevi or port-wine stains may be treated by 
Loe T-Taw 14 1 al 7h ae = ite Var: Wee rs * = a “; ie Zi 
‘he <-ray, but mild applications produce little or no effect. There 
Must be a2 yer arkeoersl rnaretic ay ty Ss 7 -_—. ST 
Mtoe etd marked reaction, although it is better to avoid ulceration. 
ne Ce eRe the skin may show slight atrophy and its 
ch or may not be absolutely normal, having somewhat of a cicatririal 
a i ay ee z= = ite tert l . * : = : : P - A " i Z 
— 7 ter. In these Cast Ss the chy uce Of treatment hes between igni- 
puncture, electrolysis, excision, and the z-ray. Where the nevus is 
TI small that it 1s possible to secure a hnear cicatrix excision is hest. 
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extent and in which the disfigurement is so great that the result ob- 
tained, even though it can hardly be expected to be perfect, will be a 
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tay : “am the x-ray tube and having a tendency to stimu- 
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Mild doses, like those on p. 1064, repeated only anne 4 ee’ 
used. Phere ik ot EN better : ppl ations. electric SS Bs re 
that the z-ray will hardly be chosen unless there IS Som aK - 
such as the fear of a development. of malignaney. ee 
syphilitic Gumma.—aA case of ulceration of th side of the neck from 
a broken-lown 5% phialits fumma, which had remained open Sars 
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and very solt a-raves. 


Syphilitic Rhinoscleroma. i Cian refer] rec To the ViLnor is I rol 


ably one of lupus, but which was subsequently thoucht to 
ihtic nature, did remarkably well under x-ray ap ae 
promptly and completely cured when antisyphili 
added ( Fig. TA ; 
scorbo, of Naples, has treated a syphilitic lesion of the skin by 


ultraviolet light and the x-ray. 

Rhinoscleroma.—Freuncd? reports the cure of such a case hy LWwentty- 

five applications of the z-ray. The nose was thick and indurated and 
in. a . the nostrils were blocked wun with 
| nodules, which also involved the 
hard palate and the posterior wall 
of the pharynx. Dhtttrich’s bacilli 

had been found in the tissues, 
Leukoplakia Buccalis.—Leduc* 
reports 3 cases treated by ex- 
posure of the tongue to medium 
soft rays at a distance of 20 em. 
(S inches) from the anticathode for 
two rambo at the first treatment, 
pty eae ” possibly repeated m three weeks. 
Benger ee a = The leukoplakia completely and 
vetict Summer! lunes of the nove permanently disappeared without 
promptly cured by antispecific trentiment, the sound part of the tongue show- 
ing any effect from the application. 

_Cicatricial Contractions.—These yield slowly to the influence of 
mild applications of the z-ray. Thiosinamin is also excellent im these 
cases, and requires to be given internally for six months or more. Its 
effect. is more fully explained in the paragraph on keioid. 

Leprosy.—This is a disease in which some of the cutaneous lesions 
&re susceptible of improvement by z-ray treatment, and, according to 
Oudin, the z-ray seems to have a specific effect upon the morbid tissue 
without affecting the neighboring sound tissues. The application should 
be sufficient to produce a mild erythema, not ulceration: 5 or 6 Holz- 
knecht units should be applied to each of the regions treated. This 
amount may be a single dose or divided among several sessions. 

_ Scholtz, on the other hand, did not observe any decided benefit, 
clinically Or microscopically, from z-ray applications in 2 cases of 
leprosy which he treated. — ; | 
a Laquerriere, Bulletin officiel de la Société Francaise d*Electrothémpie, Dee., 

? Wiener Med. Woch.. June 25, 1905, p. 1279. 


* Arch. d'Electricité Medicale, Feb. 10, 1907. 
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a ty of eases of leprosy made in the hospitals of Norway it 

- dy m r that the z-ray may be of service In the treatment of 

=. sutaneous and subcutaneous nodules and of the chronic 

h characterize the disease. The larger question, as to 

e disease itsclf can be cured by z-ray applications over the 

Etanstopo letic organs, must be left undecided, but when one 

Valter rase Sch has suffered from the steady advance of this 

' F mutilating disease for fifty vears 1t seems as if an effort should 

de to conquer the bacilary Infection or the trophoneurosis by 

F treatment. Applied m these two directions, and with courses 

re eatm ent extending over long periods of time, but only to the extent 

Of cau ging stimulation of the skin, never ulcer: ation, it may prove the 

us of curing the disease. We | know of nothing else in the whole 

¥ macoporin which has so marked an effect upon the whole orcanism 
in i therapentic dozes. 

A Case of Leprozy Apparently © red iy the x-Ray.—This case is re- 
ported by Victor G. Heiser of the Leper Hospital at Manils.' The 
different lesions were ex “posed for tem minut fim daw 7 
radiance just mtense enough to show the outline 
clearly. An ordinary r-ray tube was Us L wit] 
cou and a mercury turbine interrupter. TT! 

10 inches for the first three wee ks. bs innit 
ment was not effected until after the «1 
meches. Durmg June, 1{% Ee aft 

seemed almost cured, an: 


. 
fj: deo, 


became difficult to de a strate. 
months treatment, the lesions wer 
disappe <L. ane] there WET Th Hl 
coul Seeected only in: scrap from 1 
the months of June anid Tu LOOS, 
bacilli m any part of the | ne } 


PL 
Lrenaim 


1008, after nearly two years’ | 
curcid. 
Scleroderma.—EFncour: wing results 
plications of 6 or % Seay echt 
weeks. The sclerotic patches ar 
than normal skin: for these are 
Matory reaction. No complete eures hay 
Chilblains.—T"| redness and 
recurrent cases by the f-ray and hi “ohh -f -fre 
ointment 1s excelle nt and #0 1s ah bs © iad Th « author | 
Buceess in treating these cases by Inmersing the + et 
as hot as it can be borne, for about fifteen minut Thi 
repeated in two or three days, and these two applications will p seks ably 
Suiiee for the whole winter and there may never be a recurrence. 
Tinea Capitis or Ringworm of the Scalp. —The discove rv that the 
z-ray is the most effective means of treating this diseuse 1 due largely 
Log ad and Noiré, and their names have become associated also 
h & convenient method of menasunnge the dosage of x-ray required 
: Atment of this Aiaiake. Their method 1s to app ly rays of a 
at ‘or low degree of vacuum (No. 4 or 5 Benoist), with a sufficient 
“expos oto produce complete filling of the hair without inflame: ilory 
7 8 New York Medical Reeord, Oct. 31, 1908 
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and without wiceration. Ther metho] of measurement ta 
change in eolor undercone bv harm platinocy anid 


ceaction 

| 1 

hase TEL | OD | 

i to the z-ray. A little tablet coated with this chemical, 
L! 


when expose 
s used in fluoroscopes, is placecl & cm. from the 


which ts the SAmMe that 

anticathode, while the surtace to he treated Is at a clistani ih of lo em. 
When it has turned to a stanclarad color, s0 a8 to exactly match one of 
low tablets supplied with the apparatus, we know that 
¥ of t-Tayv has been applied. (ime of the test Ls 


re which 1s about the proper dose [or Ping worm. 


the brownish-ve! 
qa ecrtain quanti 


= 


] 1 i = bh 
which ws the larrest CLs nat 


indicate= AM exposu } | 
indicates the application cit 54 LH. 
lied without producing radiodermatitis. The quantity to be ap 


cay , ; : . Dg” ae ae 
Only 4 H. is required for a child, and 5 H. 1s th 


varies a little. 
dose for applicat 
Noiré pastils form a mos 
Haret’s little device holds the pastil attached to the r-ray tube : 

the correct distance from the anticathocde. Ordinary licht Al 
barium platinocyanid, so the pastil 1s kept eovered by bia le paper, 
except oceasionally, when it 13 turned back for comparison with the test 
object, which also is held in position. It is not necessary to turn off the 
eurrent while making this comparison. Holzknecht’s chromorachiomete: 
f another chemic compound, may 
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ion to the hairy scalp in adults. The Sabouraud 


mal! 


t convenient means of Measuring the dose. 
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depending on the change in color o 


be usec. The authors own method 15 based Lipon the Intensity Oi 
r-raciance, which ean be measured hefore the exposure 15 bert In. enabling 
gy Ts to a 


. + i ir . - bles : 
ene to determine beforehand just how many minutes the Ite 
applied. It is described on another page and ts excellent for many pur- 
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poses, but presents too great a ersonal equation for greneral use lm thes 
a { i - 
7 DArticular Cases. 


The treatment of these 


cases Without any exact means 


of Measuring the amount 0! 
z-ray applied is to be most 


strongly deprecated. Betore 
the introduction of the Sabou- 
rand and Noiré method ot 


applying an exactly MeASUIre 
dose at once OF in two par 

separated DY rE day or LW. 
the best rachioloctst hac Tricks T 





uncertain results in 
Cases. 

An example ol 
technic would be the 
ment of a 1? 
coil with great 
a Webhneli ini 
wilt direct CwWrrel 
amperes of primary 
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Fig. 744.—Rineworm of the 
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TReEUres twent 


j ¥ Minutes amounted to ahout 4 THalelreanké oc: , 
Suitable f 7 fo about 4 Holzknecht unite, ans 


Mr tha tne ; ‘ * | Wiis 
OF Line total clive not to be repeated, In & Chee af tines capitis 


ina child three ears old [ Fig. 44). The treatment WH slicress[\;] 


All portions of the scalp that are affected must be ¢ feito! 


must receive and all 


ear ee ’ ine eles applicat lon of the ©-Tay. The streneth of the 
wt nce the quantity absorbed in a given time varies inverse|. 
as the square of the distance from the anticathode. Tha aor rere 
of the head would result im the part directed iar hens 
ae very much more affected than the other parts if a sin 
© ere 


vex shape 
a-Tay tube 
rhein tA. a a See oe gle exposure 
ae Eien. another toeer Weems = phones bach pes first one Part 
lead while one at . = ars L Se e etl ecting other parts by =} 
i a Wil On | art i be ing treated, |] ractically the whole «ral; 
oy ia in tour sections—frontal, oeciptal, and right and left. 

lt is un Wise to attempt to make this subdivision of the andes 
by Means Of A diaph is Lat | which regulates the distribution of thini vac 
irom the tube. Such an arrangement is excellent for treating a single 
= Sausage ome ee ers cee oe Aphis Some et he Port ions 
shboring areas irom receiving a double exposure, and other 
parts would perhaps not receive any. Using the sheet-lead, a portion 
on one side of a perfectly straight lie may be treated during the first 
part of the exposure and the portion on the other side of that line during 
the second part of the exposure. | 

Fach successive part that is exposed is to receive an exposure of 
about 4 Holzknecht units. 

Mode of Action of the z-Ray in Tinea Capitis.—The disease appears 
to be due to an infection by microdrganisms which are limited to the 
homy layer of epidermis in the hair follicles. In this position the in- 
fection 1s difficult or impossible to eradicate by any ordinary chemic 
or mechanical means. ‘The hairs break off if one tries to pull them out, 
as in favus, where epilation will often effect a cure, and the microdérgan- 
isms are beyond the reach of lotions or ointments or even gaseous sub- 
stances. 

The z-ray kills the horny layer of epithelium in the hair follicle, and 
this layer with the contamed germs falls out with the hair. 

The new hatr grows out free from mfection. 

The sound hairs of the area exposed to the x-ray fall out just the 
same as the diseased ones and are also replaced by new hairs. 

The Danger of Reinfection.—The disease is a most contagious one, 
and one portion of the scalp may be inoculated from any other part. 
The exfoliated hairs carry perfectly live and active germs (tricophyta), 
and must be prevented from starting new areas of disease. Sabouraud 
makes daily applications of flowers of sulphur to the diseased area from 
the tenth to the thirtieth day after irradiation. 

Such an application as 
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a cenarm of Other Regions than the Scalp.—The same disease affec 
hingworm &  oacave milder applications of the z-ray bers 
ing the beard should receive mile face to the x-ray dermatitis, |} 
the greater susceptibility of the TAC® nw enliention severe encud! 
probably be found unwise to make an oP ne fac | enougl 
ae eomplete deplation on any part of the jace. = | 
produce comp! eh | he x-ray treatment wields rood resy]is iT i 
Mycosis Fungoides.— The. ! id be thor ueh. 3 to 5 H. at a aCe 
condition. The application should SS ioniin Sg ee a ar ae 
oT atian protecting the surrounding parts, Or repeated eh ile 
application, | is tor knows will gradually produce a deci: 
of a strength that the operator knuNme os rt 
n™‘Lupus.—The x-ray treatment of lupus is practically certain of co 
siderable success. The tume required for each - Seto onls " 
minutes and the number of treatments 15 from. hive = aEbY : in it 
these particulars it possesses advantages over the I Sheed LICALIMent. 
MOMme Cases treated by the best anc most CXPens\ “ Pinsen eEPs aC 
require four hundred and seventy treatments. M opie there IS an 
equal prospect of success with the two methods has not eet definitel; 
settled, but m most cases the preference hes with the z-ray, at least for 4 
fair trial. or as a preparation for Fimsen treatment. A great marty 
eases have been reported, and many have been cured, though perh: 
the majority cannot be entirely cured by the z-ray alone. : | he metho 
produces a better cosmetic efiect than curetage or cauterzation and 1 
free [rom pain, but it requires about iis long &% Course Of Treat ment as: ay 
other method. | 
The treatment by mild applications, repeated every two or three days 
until a slight reaction has been produced, and by then mamtamung th 
degree of reaction throughout, is the one which is perhaps the safest. 
For details of the method see page 1052. The other method involves the 
application of 3 to 5 H. once a month for five or ten months and 1s a= 
good. In lupus vulgaris the change produced by the x-ray Is one © 
degeneration of the lupus nodules followed by inflammatory changes | 
the neighoring tissue, and if severe applications are made the whuoc 
diseased area may slough out; 7 or S Holzknecht units at a single ses=!00, 
or as the total of the applications made in a single week, will produce 
sloughing, but this is seldom desirable. The ulcer is painful and tas¢- 
perhaps many months to heal. Milder applications without an iten™ 
reaction produce a sort of sclerosis, followed by absorption of the lupo™ 
tissue with disappearance of the bacilli. j 
It is important to note that the effect upon the disease is not due ‘0 
the bactericide action of the z-ray. The latter is so weak that it woul. 
require tremendous overdoses to directly influence the bacilli. 1° 
effect 1s produced directly upon the tissue—cells, and they are in so" 
way enabled to dispose of the bacilli. Sih 
Whether strong or weak applications are made, the z-ray certal! 
has a curative effect, and the milder treatment carefully conducte: = 
less apt to cause a painful ulceration at any stage of the case. Of cour 


fresh lupus nodules may come to the surface and prolong the trest 
ment. , 





. In lupus erythematosus there is not the same reason to expect ulcer: 
Lion, and so cither the Fradual method or that by massive doses of Sor+ 
Hi, repeated every month or six weeks, may be employed. The yacuul 
in the tube used for the milder frequent applications in all forms ©! 
lupus should be mein, a or 4 inches spark resistance and 5 to 7 racic 
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meter, but for the heavier doses the vacuum should be low, 1 or 2 inches 
spark resistance and 2 or 3 radiometer. It will often be found advan- 
freois tH oom bine occasional cCurctare ot certain nodules 7 “ith i he Pran 
treatment. After the disease germ appears to have been eliminated 
it will often happen that a complete cure will be promoted by Finzen 
Setheat for’ a io she not take place uncer the a-Tay alome ¢ ven if COT 
tinued for | 

Belot! 


hi ah ona 
MALE’ GbE. 


Cal 
inalyzes the treatment of different forms of lupus as follows: 


ae Vir = Ps ay a oP mee’ Be wwe cr al eS eS in, 7 5 bi in 
W hile ihe tA atest? TLE PU PUS Fil Lit CXL if Titi if a? Are benefited bt Cur ‘T- 


Le. any extensive Cal of lupus, whether ulcerated Ol DOL, oe te bee 


- ; i j iat | Lu 

treated by Le 2-ray ; | his treatment i more rapid and effective. Rebel- 
lious points are to be treated by phototherapy, but it may be that the 
F-Tay produces changes in the tissues which interfere with the beneficial 


action of the are light. Phototherapy properly applied gives excellent 
results in small localized lupus.” . 

A few of the authors to whom our knowledge of the curative effect 
of the z-ray in lupus is due are Jutassy, Schiff, Freund, Scholtz, Campbell. 
Hyde, Montgomery, Ormsby, Kummel, Gocht, Albers Schénberec. 
Gassmann, Netsser, Lee, Pfahler. Uhlmann, Pusey, huenboéck, Hals- 
knecht, Béclére, Williams, and — Tree $c 
Belot. ———— : 

A patient with this disease 
was referred to the author by | =: 

Dr. Jarman. She was sixty- pee ae 

seven years old, and hac had ie ae 

a patch of lupus vulgaris upon 

the cheek for about a vear. 

Her father had a simular 

trouble, which had cauzed the 

‘ntire ala of the nose to ulcer- 

ate away. The technic for 

pach treatment was as fol. Fic. 745.—Lupus (or epithelioma) of the fare 
lows: No. 13 Miller tube, Sead ioe 

radiometer No. 24 Benolst; resistance 24 inches: S-inch induction- 


cou; Caldwell interrupter; 110-volt direct current: 4 amperes primary 
current; 1 ma. secondary current: anticathode and accessory anode 
connected; distance, § inches; intensity, No.5 Tousey: 8 ohms’ resistance 
in rheostat. Five-minute EX POSUre equaled ] Holzknechi unit. The 
exposures were of two minutes’ duration and thirty-five treatments 
were given in a period of two and a half months. The total exposure 
during this time amounted to about 14 Holzknecht units. There was 
at no time anything more than the slightest degree of redness and itch- 
Linge. A complete CUre Was effected and there has heen no recurrence 
inthree years. There is no scar upon the face. It should be added that 
the diagnosis was made from the clinical appearance and history, not 
from microscopic examination. It ts. therefore, not absolutely certan 
that the disease was lupus and not epithelioma. 

Absence of Effect Upon Hydatid Cysts.—There is no apparent 
reason why the x-ray should succeed in destroying the parasites which 
esause this disease, and Dévé has found from experiments on this disease 
in rabbits that this supposition is correct. 

Réntgenotherapy for Pyorrhea Alveolaris is described on page 595 

' Le Hadium, Sept. 15, 1005, p. 300. 
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=a x.RAY THERAPY IN data aa | 
ee and Tissier showed that the zr-ray j\, 
wn Metts by Bergonit oa anc ths har no marl 

Experiments OY cle bacilli in a culture, and that it had no marke 
no effect upon the tuber . experimental tuberculosis. They cone|iyyic. 
rer ee ad a doubtful snfluence upon clinical surgical tuberr,;- 
that tne 2-2) are = 2 
losis and none upon eee found that the £-Tnhy did net prod 

Miihsam, at the sane and that it only slightly attenuated the Jo-.! 
tuberculosis in es ‘f the animal was inoculated withit. ‘T 
manifestalions 0” let ly cure tuberculosis in guinea-pigs. 
x-ray did not comp* = ns. about the same time,” found that the z-r:, 

Beste a8 hie cee upon nutrition, and that in cases of tubers; 
losis the zray moderated the: infection in. the lymptatic slatids, bu 
eomewhat favored generalization im the viscera. lee VETICh was 
that no benefit resulted from the treatment. Fa 2 | 

Rieder, a little later," came to the conclusion from his observations 
that. while the z-ray appeared to attenuate or kill different disease ger 
in plass test-tubes, the rays had no such efiect na tiie Beets asian 
in animals inoculated with different pathogenic germs. His results at 
that time seemed to show that local tubercular processes were favorably 
‘nfluenced, and that in some eases generalization of the discase 
antagonized. The animals experimented upon died, however, doubt 
from organic disorders produced by the trradiation. He reported n 
ative results in human tuberculosis. 

Since that time increased knowledge as to the dosage of the z-ro. 
has led to improved results, and the z-ray has become a most valuable 
therapeutic agent, especially for localized tubercular lesions. Bergont: 
finds that, with modern technic, the r-ray has a clearly favorable cttect 
upon non-suppurative tubercular glands. According to this observer 
all the tumefied glands which are treated become smaller, but rare! 
completely disappear. The disease, as it affects the joints, the larynx 
the peritoneum, the lungs, the skin, and other parts, has been v 
favorably influenced by the zray. We know that tuberculosis, |i}: 
many other infectious diseases, is often recovered from if the local !r=ict 
is controlled and if the general health is maintained, and the local les!on= 
ae en ne a ——— OF situation to make them difficult to direct!) 

huuente DY ANY Other Neds “ han a 
The effect of the Srey eee % Bh the tubercle bacilli, but 
Upon the lowly Orranized| tisene with = i | ny — aaa hara ; 
aT St] Jp eg se ith rapidly developing cells char 
erie ofthis dee. The elect of the e-tay is greatly skied 0 
be applied from ultravicler ee eney currents. ‘The latter mst" 
patient between turn Oudin ar More elect roles, or by placing % , 
the effluve or perhaps Sale ae be sige baaaeanel m such 3 ay re 
patient's body. The vaccine : oe = i Senate is intereeptet oo iad 
in either of these WavS. is of aoa amy : Lig -frequeney cul rents, A] , 
r wt Beat therapeutic value, acting by stimu: 


ing the tissue cells and increas; — -s . . hort 
stimulation. Ing metabolism as well as by circul 


' Congress of Tuberculosis, 76, Pari rl bn} 
Munch. Med. Woch., 24 715, Nov. 10. 1898 
- pms wed Woch., dime 15, soo. ; 

 H- Acad. des Sciences, 140, $99, Paris, March 27, 1905. 
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he application may be kept up for three or four weeks if necessary an 
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Tubercular Adenitis.— Chronic tubercular glands with periadenitis, 
trentes] by KRontgen ray, may become smaller and change to fibrous 
newiules which cli> mecrt entirely CIS pear, Acute tubercular rlands, and 
those already having a tendency to soften, may be caused to undergo 
results from 


Lhe author has observed excellent 
; of the Thiet bk alrencdy 


He has successfully 


chen ah J degeneration. 
T-fay trentment if suppurative tubercular glance 


Oper cl Son LANeOUSLY or by the surgeon's knife. 
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Los) 


treated a case of chronic sinus of the back following an operatic, 
tubercular osteitis or tubercular arthritis of the spine by exposure t, 
mrav. The r-ravs were of n quality of about. ho. 5 Benoist ‘ret an i 
tensity of about No. 5 Tousey. The anticat hode was about 10 inch, 
from the surface of the body, and the applications were for about §. 
minutes every other day until the skin became slightly reddened, y.,, 


application amounted to about 1 Holzknecht unit. RKontgenothers,, 
results in better cicatrices as well as more rapid healing in cas, 
tuberculous abscess and smus. 

Tubercular Lymphatic Glands of the Neck.—These are poex,1:),, 
amenable to treatment by a radiance of a penetration of No. 5 ae R 
Short applications of about a minute and a half, at a distay,,... 


Z 
omy 


WES 7 owaeal 


Benoist. : 
of about 9 inches from the anticathode, may be made three 


until some reaction appears. ‘hen the treatment should be intermjt;,..) 
Each application, made according to this plan, should be caleyiaic.) +. 
be a little less than 1 Holzknecht umit. Another plan is to make mae, 
applications of 4or5 H. ata single Sesslon, or as the total of two or See 
sessions, occurring within the course of two or three days. No op aD 
applications should be made for two or three weeks, but it may then fe. 
repeated. It is quite important to limit the application by a <I. ald nn 
by covering all other parts of the patient with sheet lead. Baldnes and 
sterility and any possible toxemia are thus avoided. .” 
he results are that the glandular mass shrivels and certain clan 
cease to be palpable, while others remain as innocuous amall ey ae 
nodules. Leonard has found that the lymphatic vessels are converte 
into Abrous cords. Cases treated by the author make this treatment o: 
icy Aa of os neck seem preferable to surcical at POSS 
MECHSE (hls treatment leaves ) SC¢3Fr ane Wt ppg 7 = = oar “44 Soi 
certain lymphatic channels ait beter : i P eres - ee 
general infection. : © tends tO protect the patient from 
Mer lesrrsc ke the Mediastinal Lymphatic Glands.—Dicesse jp 
one which will aha one ‘0 treatment and the radiance required is 
& wood radiscknk Meee iluoroscopic image of the chest, or will produce 
pod radiograph of the chest With an exposure of fons: ae 
The x-ray may. tharet ea an exposure of five minutes or less. 
oe : iY. therefore, have an intensity of No. 10 Tousev and « 
penetration of No.6 Benoist. The anbicath ak rf ar Anaad “sas 
the surace of the body, and an ex ane | 3 ae shou d be 13 inches from 
IWice a week, with intérmissior pea aS ses es ead be given 
of the skin. A epre foe ™ the development of some redne= 
“4 . JL Sereen for soft rave rn Sie yeti : P 
s0le leather. or 4 Single laver; f Fays, made by In-eTposing a piece o! 
thick between the Bitters tin-foil, or a sheet of aluminum 4, inch 
prevent dermatitis whilp Sere Su surface of the boy, will tend to 
mg rays, which alone could rea hie the passage of the more penetrat- 
are less irritating to the skiy, “Th Le Seat of disease anyway and which 
about 2 Holzknecht unite a - ke 3 meg rest skin surface should receive 
enough not to make too eres ne | aa a distance of 13 Inches is greal 
the skin and that to the seat of dee emtion between the distance to 
the distance irom the s oo Of disease, If the tube were so near that 
half the distance to the dent mo the cutaneous surface were only 
would rest LT the vee we lesion, the divergence of the rvs 
Ss that which reached Fig Maer Seas to a radiance four times as intense 
i would be difficult to tial Glands. Under such conditions 
astinal glands Without ‘Saher timed therapeutic efiect upon the miecti- 
id d effect upon the skin. 
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Ala hah cl = 
ai 4 “is 1 Lees rire # "wh ids 1 L 
darabic , : i “ee aL filuble here et Bat Clewhere, bait probably are ia. 
| rl 2 onarrtbar be irequentiy repented ones 1) Gaatliante Te 
: h: re eta cit @| [it [reatment are Variable. brut if 2 a 
Of great benefit in certain case< thi 
lssociated — this isesap 16 i “Tat to ae 
losis, It will often be advantageous to cot 
frequency currents in its treatment 
_ Tubercular Lymphatic Glands in Other Regions. 
in the same way and with due regard to their superfigia 
Lhe applications should be localized eR 
Réné Desplats has wade Winna elect. wi: 
. r : oe I bad is ar made blow! EXAMINATIONS in patients with tuher- 
oh i tide is treated by the z-ray and finds a reaction similar to that 
whic occurs in leukemia under this treatment! ie 
- mma ns | _ , a Orn 4: ; i 
Tubercular Peritonitis.—Roéntgen ray treatment has proved bene- 


tainly capable 


‘ with Pulmonary tubered- 
nbine the z-ray and high- 


-These are treater 
l or deep situation. 


2pm epee ee ee In which an exploratory lapa- 
ES pe aa = aC a find evacuated and the diagnosis con- 
Seg te THICTOSCOpE. Repeated lapping was required until z-ray 
applications were made. <A lasting cure was obtained in this wav. a 
slight PeCurTrence disappearing at once under z-ray treatment. 

Che application in such Cases should be over the whole front of the 

abdomen, of a penetration of about No. 6 Benoist, and if the intensity is 
2, lousey, the anticathode being at a distance of 10 inches from the skin, 
the exposure should be six minutes (equivalent to 1 H.). This amount 
of radiation is applied three times a week. The soft rays which might 
case dermatitis may be arrested by “Ti aluminum or leather Te TH. 

Tuberculosis of the Kidney.—This is a disease in which the z-ray 

and high-frequency currents did good in one of the author's cases. The 
z-ray seemed to act by breaking down exudative masses and the high- 
frequency currents seemed to stimulate the elimination of enormous 
collections of pus. The local condition was improved, but general 
injection had probably already taken place and the patient died. The 
applications should be limited to the lumbar region on the affected side. 
The anticathode should be 13 inches from the surface of the body and 
the radiance should have a penetration of No. 6 Benoist and an intensity 
of about No. 7 Tousey. A screen for soft rays will protect the skin to a 
CerLaln CX LETIL. The PX DOSUres shoul be riven bwoOo OF three mes Fs 
week, and be of such a length that redness will develop in three weeks 
and change to bronzing in six weeks, without ever having any soreness. 
An application amounting to 1 H. at the surface of the body twice a 
week ts about correct. 

Massive doses of 4 or 5 H., applied once every four or five weeks, are 
permissible, but are probably somewhat less desirable. A mild con- 
tinuous effect seems usually better for tubercular processes, and this is 
& region where the toxemic effect, which sometimes mmediately fol- 
lows any x-radiation, might be serious if the dose were a large one. 

The o-Ray Treatment of Pulmonary Tuberculosis.—A certain 
number of patients have recovered from tuberculosis of the lungs under 
treatment by the x-ray and high-frequency currents and others under 
high-frequeney currents alone. These recoveries have been character- 
ized by the disappearance of all the symptoms of the disease, including 
the bacilli in the sputum, and by the radiographic findings character- 


istic of cured pulmonary tuberculosis. 
| Le Radium, p. 300, Sept. 15, 19065. 
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Other cases have shown considerable improvement under Zi ¥ 
_ Other cases have shown te have been mostly those in which the 
treatment alone, and these ca ELOMESTs HULRMBOUN react 
applicat stot “me ve been sesh bine corte epee aa A Na amt aa ae 

ath a possible counteriiritant €nect. - : 

hl Se : opinion at the present time seems se be Lonel the ~inlig IDLE 
little if any permanently curative effect Lh pulmonary tul erculosis. 

If it is used either alone or m combination with high-fre: juency 
currents the technic is the same as for tubercular mediastinal glands, ani| 
mild frequently repeated doses are to be given with the production of a 
slicht reaction upon the skim. aaeee : = m4: 

Tuberculosis of Bones and Joints.—This localized form of diseas: 
is certainly benefited by the z-ray and some cases are cured. A chroni: 
sinus of the back from an old operated tubercular OSstertis of the lower 
dorsal vertebr= in one of the author's cases healed after a few applica 
tions of the z-rav and of high-frequency currents fromm ultraviolet ray 
vacuum electrodes. Tubereular rheumatism of the wrist has been cured 
by z-ray applications, and the pain, edema, and stiffness removed 
(reported by Reboul), and Béclere has reported & CAaSe OF spina ventosa, 
tubercular osteitis of a finger with fistuls, entirely cured by the z-ray. 

[t is to be recommended at the different stages of bone or joint tuber- 
culosis, when an operation does not seem to be indicated or when it haz 
not proved completely successful and repetition of the operation seems 
undesirable. 

The z-ray should generally be apphed from several different direc- 
tions, exposing only a small area of skin ata time, so as to secure an 
effect upon the deep tissue without much on the skin. The choice lies 
between mild, frequently repeated applications, continued until there 
is slight cutaneous reaction, and massive doses, applied at one or two 
sessions. The penetration should be No. 6 Benoist and the intensity at 
least No. 6 Tousey for the wrist, at a distance of 10 inches from the anti- 
cathode, and No. 10 Tousey for the hip or spine, at a distance of 13 inches. 

_ The mul frequent applications would require an exposure of three 
TnUtes Two Or three times a week, and the massive doses would require 
twenty or thirty minutes’ eXPosure at a single session, or as the total 
exposure, during the course of two or three days. The author's prefer- 
sce, for rejuent mild applications. No severe reaction i 10 

Roederer, “wha has see ae te 
DBE GE Gee het . c : e ue reports upon the treat- 
evidence that x-ray hieabnene Ye de ocal tubercular lesions, finds no 
disease. My Pa: ae ee a “ oe bi a4 general dissemination of the 

Sita sees per : s : oe ith this conclusion. 3 
scent Acconci Me ora ay influenced, while the +-ray does Sri 

PMS much in Pott’s disease or tuberculosis of the hip. 


ARTHRITIS DEFORMANS 


Anders aland «a | oo 
shee rae and P fahler report excellent results from the 
be combined with ae nak arthritis deformans. This treatment should 
The Author's Se 1eT Measures appropriate to the individual cases. 
matic Affections. The ont with the &-Ray in a Variety of Rheu- 
fect in this whole " ) 7 <-ray applications have a decided alterative ct- 
| HOM Cliss OF Cases and are a valuable adjunct to treatment 
: Chie de Paris, 106. 
Jour, Am. Med. Assoc. abstract in New York Med. Jour., May 24, 1906 
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by high-fre. Jueney currents 
A case Without bony chaners disSG VERNA, 
yields readily to the somibinied “tease: oe 
do not appear to be equred Eee. 
the way of arresting the 
mentioned on p. 579. 


] he latter re appl tan | by i; LeU elemet rodes. 


aa | the rachiorraph wsusally 
‘| | ' Le ry changes. IMWeTvTer. 
, though the greatest benefit may be 


a 2 ¥ SC ured in 
Progress of the disease 


Lllwetrative CHEPS Are 


TRACHOMA 

the results ol X-ray therapy in this disease have not been exactly 
the same in the hands of different operators. Wassinutineks: menace 
¢ Cases mm which the =-ray certainly had a marked influence up n t 7 
morbid processes, especially the infiltration. The pannus Syiskted 
slowly. He did not secure any complete cures, no mat ter how long or 
how frequent the exposures were. This tissue seems to present but a 
slight tendency vO cicatrizat ion. The applicat ions were absolutely: 
painless and produced no harmful secondary effects upon the eve, 
ae oe the x-ray would give favorable results where other methods 
nave failed. 

Newcomet has had better success in entirely curme cases. 

A difference in the results of Réntgenotherapy may be due to differ- 
ences in technic, and, generally speaking, it 1s desirable to know what 
the results of treatment with average apparatus and technic is likely to 
be. 

The exposures must be calculated with special reference to the avoid- 
ance of injury to the eye. In some cases little metal or enamel shields 
Fig. 736, p. 1038) may be placed over the eyeball under theeyelids. A 
drop of cocain solution enables the eye to tolerate this. The eye is then 
entirely protected, and as much z-radiance may be applied to the lids 
as is required. It is not necessary to evert the eyelids in order to secure 
an effect upon the mucous surlace. 

Frequently repeated mild doses are desirable. The penetration 
should be about No. 4 Benoist, the intensity about No. 5 Tousey, and 
the distance about 9 inches. Exposures of two minutes three times a 
week amount to about 4 H. in three weeks, and this ts about the Propet 
amount to apply. ae hiner may be resumed, if necessary, after 

7 us a ¢ Ge OF Ween. ae 
ae Piatt oom treatment of trachoma while wey good are not 
thought to be quite so good as those from treatment with radium. 


RADIOTHERAPY IN SYRINGOMYELIA fe 
have been reported by Beaujard and L’H ermitte, 
Delherm,? and Grameque.* The applications of ohe <-Tay os ace = 
the affected part of the spine as Inc secon my eas No. 8 Benoist. 
a 3, rom apr Ot DNMeLawe © * meta mits “sina 
ee a be at s as of Li) inches, ness ares a rare 
cathode to the surface of the body. Appieaer of recaps x ota 
Thay" ba given about every Si days until Soe teas tea meee pies spare 
neous reaction and then reduced in strength. JtiM i 


Successful results 


restch. 12. Jan. 8, 1905. 
i Roumky Vratch, 12, Jan. 5, u 
t coat ~ Madicale, April 27,1907. wuss thascacie’ Wak aaa tae 
‘ Bulletin Officiel de la Societe Frangaise d’Electrotherapie, February, - 
Bev. Crit. de Clin, Med., Nov. 10, 1906. 
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have been too few cases reported, to know whether the clisease ta pe t 
manently curable by this means. Improvement seems to be reasonably 
certain. 
LOCOMOTOR ATAXIA 
The author has seen remarkable and lastmg benefit from z-ray a: 


high-frequency applications to the region of the lumbar enlargemen: 
the spinal cord. The applications should be localized, ami mild 
repeated Ones Are preferable to massive doses. Probably no ci 
have been permanently cured. 


X-RAY TREATMENT OF FACIAL NEURALGIA 
The x-ray examination having verified the clinical diagnosis of 
neuralgia without gross anatomic lesion, the therapeutic applications 
may be undertaken. The ray should be of a penetration of about No. 6 
Renoist. “ll Intensity of No. 5 Pousey, and the anticathode should he 
about & inches from the skin. Such an application may last about three 
minutes, equivalent to 1 H., and be given three times a week. A 
localizing shield and leather screen are desirable. The hair and eves 
are to be protected, but, generally speaking, rather a generous area of the 
painful region is to be exposed. A three- to five-minute application oi 
an ultraviolet ray glass vacuum electrode is to be made at the con- 
clusion of each z-ray treatment. | | 
A ease of this kind was a lady about sixty-five years of age, referred 
to the author by Dr. W. T. Bull. She had suffered for twelve years 
from obstinate neuralgia of the upper jaw, which had not been relieved 
y a series of surgical operations. The z-ray examination showed 
normal bony conditions. ‘Twelve z-ray and high-frequency treatments 
were given as indicated above, the z-ray shining right through the check 
and lips. She had to leave the city at the end of this time on account 01 
the summer heat. The pain had then been only somewhat relieved, ical 
Dr. Bull reported to me the following winter that the pam had entirely 
disappeared during the summer and had shown no sign of recurrence. — 
The following is a case in which there was a deep-seated lesion which 
could not be reached by remedial agents: The patient, a lady of abs yu 
thirty-eight, was brought to the author by Dr. W. kh. Draper, with 4 fis- 
tory of the most severe pain, especially in the region of the night eve anu 
temple and mght side of the forehead. A supra-orbital meurectomy 
had given no relief. Blood examinations had shown a marked degree 
of anemia. which had yielded only partly to medical treatment, atay 
examinations failed to show any lesion in the jaw, antrum, or [routs 
sinus. The treatment was chiefly by static electricity anid high-ire- 
gucncy currents from ultraviolet Tray vacuum electroces. In aciditran 
there were a sufficient number of z-ray applications for diagnosis ant 
treatment to produce an effect in a case amenable to them. There 
was marked improvement for awhile, but never complete disappears®"© 
of pain, and at the end of a thorough trial the treatment was abandoned. 
The severity of the symptoms and the patient s poor general cometh a 
led to the conclusion that some very grave though obscure malady 
existed. Death ensued and an autopsy revealed a tumor of the nght 
parietal part of the brain with considerable softening around It. 
Leonard has also applied the z-ray in cases of migraine, tre doulou- 
reux, and facial neuralgia, generally with success. There was recur- 
' Medical Record, July 15, 1905. 
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renee in one or two cases, but m most cases the relief seemed to be per- 
manent, 


XRAY APPLICATIONS AFTER" NERVE RESECTION FOR TIC DOULOUREUX 
A case recently under treatment by the author was referred by Dr. 
A. H. Ely after operation by Dr. Harvey Cushing. As great a portion 
as practicable of the inferior dental nerve had been resected from the 
inside of the mouth. Six months later there had been some return of 
pain, but not much return of sensation in the portion of the lip supplied 
by the inferior dental nerve. A few months ago z-ray treatment was 
becun, with a view to a retarding influence upon the regeneration of the 
nerve and, if possible, to prevent bridging over the gap by newly formed 
nerve-fbers. Pore 
The applications have been made both externally and imsicde the 
mouth. For both the x-ray tube has been enclosed m a Ripperger 
shield and a cylinder diaphragm has been used. The distance from the 
anticathode of the Friedlander heavy anode tube (same model as the 
Miller No. 13) to the outer or inner surface of the jaw has been 15 
inches. A 12-inch induction-coil was used with the I 10-volt direct 
current, a Wappler mechanical mterrupter, 12-ohm resistance m Theo- 
stat, 3 amperes primary and | ma. secondary current. BAYS, No. 6 
Benoist: intensity, No. r Tousey. In the COUrSe ot iwelve Gays the at sl 
plication was of sixteen minutes’ duration, on an area 3 mches ike d- 
ameter on the outside of the face and 10 minutes on an area 1 meh in di- 
ameter on the inside of the jaw. Three minutes of either application was 
equal to 1 H olzknecht umit. The first course of treatment then applied 
6 H. externally and 34 H. internally m six different applications made 
during twelve days. a: | ve 
The effect from some of the earher applications was to cause ros 
plete disappearance of the pain, but the later applications of the ns 
course of treatment were followed by a sort of stimulation of the nerve, 
‘maysine temporary PAN. - 
The Seer at overs stage of the case came in paroxysms, and es 
located immediately behind the last lower molar tooth. The EF a = 
said it was just as if the lighted head of a match hac sehmsce ys a 
landed on the gum. Treatment, in another ciLy, by radium anc sth 12 
z-rav had been unsuccessfully ried before an operation was resortes lait 
There seems reason to hope for success from the application of the 
r-rav alter resection of the nerve, but the value of the method has not 
yes pee becun Feb. 5, 1908, and as far as practicable a 
eonsisted of a series of courses of treatment, during we b do id 
units have been applied ba outs eo TASH On July 20, 1908 
then an intermission of three weeks has Dbcen allowed. ee? ot! ee 
| yk eanmed very favorable, and the patient passed the first 
eatinaly comfortable day for over a year, ‘Twinges of pain when they 
did occur were much lighter than formerly. d he pa : spe . arn 
them as sensations rather than pain. A vacation 4 trea ld on nntl . 
the surmmer was followed by a FECUITEnce, : gs cL ah ye b BrP ate 
and the patient abandoned treatment and ian ot oper lon Dy alcoho 
» injection, which I believe has given encouraging Fes 
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PROSTATIC HYPERTROPHY 

The author has treated several cases ane In SOMme A few r-tay treat- 
ments have produced a marked reduction in the amount Ol residual lirine 
and a return of the ability ea urinate without a catheter. Lhe methox! 
has been by allowing the r-ray to shine over the perimeum in the Pec lion 
of the prostate, the Scrovun, AMLLUS, anc buttocks being pri tected by 
localizing shield surroun ling the x-ray tube. Mild applications of 
rather a penetrating ray, NO. 4 Benoist, are made every other day, so az 
to apply 5 Holzknecht units in about bw bd ts Treatment may be 
‘ntermitted upon the appearance of slight redness. 

There is no danger of inducing stenlity if the z-ray does not shine 
directly upon the testicles. Men tor whom the author has ha l to mak 
long and strong appheat Ions To OTL testis while shielding Lhe other with 
sheet lead have subsequently married and had strong healthy children. 

Moskowicz and Stegmann* report 6 cases treated successfi lly. 
At the end of one or two weeks’ treatment the prostate became softer 
and a little sensitive to pressure. Most of their patients had some un- 
comfortable symptoms for a time, frequent desire to urinate, a sensa- 
tion of weight m the perineum, and sometimes rectal tenesmus. Some 
cases also showed an increase in the existing cystitis, an Increase in the 
amount of pus, and even a little blood in the urine. One patient de- 
veloped slight epididymitis. All these symptoms were slight and of 
short duration. They were attributed to an mnitation caused by the 
rapid destruction of the glandular epithelium. In some cases there was 
the same temporary toxemia which characterizes the application of the 

x-ray in cancer and leukemia, but this also was muld. 

All their cases were successful, but the most rapid cases were those 
which had only been compelled to use a catheter for a short time and 
who had not developed cystitis or vesical paralysis. ‘ 

Moskowicz and Stegmann' made their applications through a Kelly 
rectoscope 9 cm. long and with its inner end cut obliquely so as to expose 
a larger surface. The rectoscope is held in place by strips of adhesive 
plaster and the neighboring surface is protected by sheet lead. The 
x-ray tube is placed so that its anticathode lies in the direction of the 
axis of the rectoscope and at a-distance of 40 em. (16 inches) from its 
orifice. Their exposures lasted fifteen minutes, and two or three ap- 
plications were made at intervals of two or three weeks. 

Drs. Turaschi and Carabelli" report several cases treated, with fine 
results. Their method was by application over the perineum, protect- 
img the serotum from the rays. | 

| Aly own cases of tubercular and other prostatitis were treated with the 
patient lying upon his back, the legs bent up, and the hips near the edge 
of the table. A localizing shield enveloped the z-ray tube and afforded 
peneral protection. The exact arca of application was secured by 
cutting 4 suitable orifice in a sheet of x-ray metal spread over that part 
of the patient. ; 

A sole-leather disk covered the orifice of the localizing shield and 
arrested the less penetrating rays, which otherwise would have been 
absorbed by the skin and would have produced irritation. 


7. aitinch. Med. Woch., June 18, 1905. 
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A-RAY TREATMENT OF GOITER 
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ig. 747,—X-ray treatment of exophthalmio goiter. Brickner's tube-stand. Friedlander 
shieid. Point of chin still further protected by x-ray met 


with the localizer alone, to limit the ray so exactly that there will not be 
a double efiect along the median line from two successive anterolateral 


exposures. : ko . ee 

Mild repeated exposures are to be preferred—t! to 1 H. twice & week. 
This is equivalent to an intensity ol NO. re hE EW) tO ,OUE BUNS 
at a distance of 10 inches from the anticathode. Each of the two or 


three parta of the surface successively exposed is to have this amount of 
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ancocssl ul Wi st sufficient proportion of the cnses to couse if ti 
mended : . 

Ari experiment Wiis performed bv Dre. Luraschi inal Fiore 
three puppies, all of whom had goiter. One of them was kille 
tumor examined under the microscope. Another was kept 
and the third was subjected to z-ray treatment. Thi 


oe ; = Ly - = —_ a “L . as “- -= fl ; 
Fig. 745.—Ex yphthalmis Roter. Treatment by high-frequeney currents applied by ultra- 
violet ray vacuum electrode. 


eee after a few treatments, and 2 microscopic examination showed 
Bene z-ray had produced no effect upon the goiter.’ 
Michaux has treated Cae of rolter and ohtained results in the hy- 


pertrophic variety. but the growth recurred when the treatment was 
stopped? 


oe hobolka, on the other hand, reports a case of goiter cured by the 
“Tay. 3 | 


‘A glandular swelling in the neck may, of course, be one of the lesions 


' Le Radium, Sept. 15, 1905, p. dOO), 
* Thad. 


* Thi. 
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of leukemia OF pscudoleukemia, and in that case the x-ray produces 
positive results, ; 

Two other cases of coiter have been treated with benefit he Stee 
mann.’ Six treatments in one case and two in the other led to softening 
and reduction in size without any systemic disturbance. = 

stecmann did not notice the special susceptibility of the skin to 
the z-ray, which has been deseribed by G6Grl. 

Exophthalmic Goiter.—Mild repeated applications of the +z-rav 
over the thyroid gland and of a vacuum electrode from the Oudin rezona- 
tor over the entire neck resulted in the cure of a case brought to the 
author by Dr. Love. Before treatment the pulse was never below 1230: 
there was such tremor of the hands that she could not pour a cup of 
tea, and such palpitation of the heart that it shook the whole bed and 
kept her husband awake at night. 

Treatment was continued for about three months, and when the 
patient returned to her home in North Carolina her pulse was 90 and 
all the ocular and nervous symptoms had disappeared. The thyroid 
rland had cdiuminished in size. It had never been very large. ' 

No recurrence took place even during a period of great anxiety over 
her sick clild the following year. The patient was examined three vears 
later and was perfectly well. , 

The method of application of the z-ray is shown in Fig. 747 and of 
the high-frequency current in Fig. 748. 

Rontgenization of the suprarenal capsule in high arterial tension 
produces a decided fall and an improvement in the symptoms.* 


PERNICIOUS ANEMIA 

This is. a disease in which the effect of the z-ray upon the blood- 
forming organs, the spleen, and the marrow of the long bones may sonte- 
times be of great benefit. The danger of causing toxemia and possible 
death makes it necessary to use extremely small doses at the commence- 
ment, and some observers (Pancoast) consider the z-ray absolutely 
contraindicated on account of the danger. Injections of diphtheria 
antitoxin in addition to the z-ray have been used successfully by Kenon 
and ‘Tender.* 


HODGKIN'S DISEASE AND PSEUDOLEUKEMIA AND LYMPHOSARCOMA 
These are all diseases in which z-ray applications to the affected 
glands is of marked benefit, and, except m lymphosarcoma, 1 seems 
probable that permanent cures may be obtained In many cases, or that 
the others may be kept in good health by continuing the treatment at 
intervals. The beneficial effect of the z-ray is due to 4 direct action 
upon lymphoid tissue and to an effect upon tissue ferments (Edsall). 
The affected lymphatic glands become a great deal smaller and the 
microscopic appearance is changed. There is a destruction and dis- 
integration of lymphoevtes with the presence of masses of chromatin 
derived from their nuclei. The gland may finally change to a fibrous 

nodule. 
In a case of Hodgkin’s disease, treated by Roth,* the glands were 


' Minch. Med. Woch., June 27, 1905. 

tA. Zimmern and ©. Cottenot, Wein, kin. Woch., No. 18, 1912. 
' Le Progr medical, March 31, 1006. 

‘Jour, Amer, Mied, Assoc, p. 126s, Oct, 20, 1906. 
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reduced te 4 normal size by z-ray treatment every other day for about 
three months. A medium hara tube was usec, with the anticathode at a 
distance of 10 inches from the skin over the neck and manubnum stern 
(there were enlarged mediastinal glands), anc the duration of each 
exposure Weis Prot ten to thirt V¥-ve Minutes, divided up over different 
glands. Two or three recurrences took place requiring fresh courses of 
treatment. Senn and Pusey were among the earlicst to treat these 
conditions by 


treated up to 1907, and finds for this general group of diseases of the 
lymphatic glands w ithout marked blood changes z-ray treatment m 29 
cases, of which the final outcome 15 known, has civen 25 per cent. of 
. alive anid a) ntly well from one to four Vear j 


the 2-ray. Pancoast has collected the reports of 44 cases 


cases which are 
the first symptomatic cure, and 60 per cent. have died, wh 


4 cases still under treatment are likely to die and the other 2 seen 


to get well. 

Rosenberger has treated ome case of pseudoleukemia with some 
reduction in the size of the spleen, but without much general beneht. 

Two cases of pseudoleukemta treated by Krause? showed prom 
improvement, while no result was obtained in 2 cases of lymph 
coma, 1 case of splenic anemia, and 3 cases of chronic splenomegaly. 

In po case did the treatment have any serious secondary effect. | 

Two methods of dosage are available. According to one method, 
$ to 4 Holzknecht units of rays No. § Benoist should be apphed over 
each glandular mass once 4 week unless contraindicated by the ap- 

sarance of dermatitis. According to the other met hod, smaller doses 
Fy Holzknecht unit should be applied over each glandular mass three 
times a week. 

When using either method exposure of the abdomen should be under- 
taken with caution. There is not the same special danger of toxemia 
as in leukemia, but still the danger is great enough to make it desirable 
to ascertain the condition of the kidneys before making the exposure, 
and the frst One ehould he short. 

The distance and the strength of current and duration of exposure 
mentioned under the head of Leukemia (p. 1096) are suitable here. 

The difficulty of differential diagnosis between lymphosarcoma 
and Hodgkin's disease adds a further clement to the uncertain prog- 
nosis which must be given in these cases. 


POLYCYTHEMIA 
The results of z-ray treatment ‘n this disease have not been decisive, 
but still z-ray exposures of the splenic area have produced some Im- 
provement and no accidents in 4 reported cases. 


X-RAY TREATMENT OF LEUKEMIA 
The eredit of first reporting the treatment of a case of leukemis 


by the x-ray is generally accorded to Senn, but Pusey, Childs, Dunn, and 
others treated case2 at about the same time. The treatment, therefore, 
is of American origin, but it has been adopted in every country and has 
been made the subject of over one hundred articles by various authors. 
ae wee. pe cues found that the majority of the cesses improved in & 
markable wav if the z-ray was applied repeatedly to the enlarged 
' Manch. Med. Ws , 0. LOOM 
: Berlin. klin, Woch., >. 80, May S, 1905 
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spleen, any enlarged lymphatic glands, and the long bones. The num- 
her of leukoc vies diminished from 200,000 or more to the normal 4000 
or 5000, and the general condition of the patients became so much better 
that they Were called SVIMpPtom: tically eured. The al & leen often dimin- 
ished to its natural size, but this effect was not so uniform as the effect 
upon the blood and lymphatic glands and upon the general condition 

The treatment required frequently repe: ated application for several 
months or a vear. 

The results were found to be permanent m only | case m about 15. 
As a rule. recurrence and death took place. There were bad effects in 
Certs Wan Cases W sn Hh were describe “1 on Dae 1033 and 1096. 

Nevertheless, the z-ray produces an improvement which nothing 
else ever | did, and it seems to be the proper treatment for this disease. 
It is not unlikely that improvements in the mode of application may 
result In saving more lives than the 6 or $8 per cent. shown by the record 
today. Pancoast’s method of application to the long bones instead of 
to the spleen may prove to be a step In advance. 

The close analogy between leukemia and sarcoma makes it seem 
possible that le abe also will prove to be incapable of permanent 
cure in the great majority of cases. This is a point which the future 
will decide. It aes not at all imply that the z-ray 15 not the best treat- 
ment that we know of. The z-ray ought to be applied i IM GVery case 
unless contraime licated. 

A-ray applications in leukemia suppress fever when this 1s present, 
and also niht-sweats, apathy, and anorexia. As a rule, the cachectic 
appearance, the color and dyspnea, and insomnia all begin to improve 
inside of two weeks. Albuminuria, if present, rapidly disappears, but 
edema 1s slower. 

The z-rav is more constant in its results upon the myeloid than upon 
he hrmphoid vanety of leukemia. 

Examples of the Results.—Krauze! reports the treatment of 6 
Lie Po ae of Mm velorenous leukemia: 5 of these showed rapid improve ‘eT. 
reduction in the number of leukocytes, increased number of red blood 
cells, increased flobular value, Pee ee or complete disappear ince 
of the splenie tumor, increased bodily weight, marked Improvement 
4 general health. The remaining case of myelogenous leukemia was 
complicated by hemorrhagic nephritis and was not influenced by the 
z-ray treatment 

Qut of 4 cases of leukemia (myelogenous?) treated by Melland,- 5 
Were Den efited by the ee 

Hynck* has not obtained permanent results from the treatment of 
leukemia Se ae os nous’) with the <-ray, but, at the same time, the 
condition of the blood and the spleen showed the improv ements noted 
by other observers, and there was the same improvement in the general 
health. 

Rosenbach* believes that the reduction in the number of leukocytes 
is not due merely to the destruction of leukocytes and erythrocytes m 
the blood, but also to the migration of great numbers of leukoe ‘ytes into 


te 
1 
| 


' Berlin. klin. Woch., May 3, 1905, p. 580; reviewed in Radium, Sept. 15, 1905, 
be oh Db, 

* Wiener Med. Woch., June 10, 1906, p. 1233, 

‘Minch. Med. Woch., Miay 30, 1905, p. 1055: reviewed in Radium, Sept. 15, 1906. 
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ey ee ee eibeutancous connective tissue. The product 
the irritated skin and su whic have an inhibitor: effec: 
the destruction of the leukocytes probably have an inhibitory effe 
, SST a hee ykocvtes. 
the production of leukocy ’ 5 stam a 
Richrdine to Rosenbach, the z-ray acts Upon 4 Symptom, not won 


the cause, of the disease. He thinks it may 7b be that t he 
number of leukocytes i 4 defensive Licht Ecmtae est orchig mm this cise 

A case of splenomyelogenous leukemia as ie Bes : by Roth 
r-ray applications over the spleen and the Sa ae alten ately. 
The primary effect of the x-ray was to increase the number of white cells, 
which reached its maximum five hours after each exposure. The num 
her of leukocytes steadily increased from 155,000 before treatment to 
27° 0) after the first month’s treatment. From this time on ther: 
was a steady fall im the number of leukocytes, aided toward the last 
by the use of Fowler's solution of arsenic. After a Vear's r-ravy treat- 
ment, and a month after the arsenic had been stopped, the leukory;, 
eount was normal, but the size of the spleen was not greatly chanz 
The primary increase in the number of leukocytes was accompani 
a great number of degenerate cells, principally disintegrating myelory 
which m many eases consisted merely of a network of Abrill. 
amount of hemoglobin remamed uniform at 70 per cent. during a whol: 
year's z-ray treatment, but promptly rose to 80 per cent. when arseni 
was added to the treatment. The dosage of the latter was at first 5 
drops of Fowler’s solution three times a day, and this was graduall: 
increased to 15 drops three times a day. 

Buchanan’ finds that z-ray applications reduce the number of lei- 
kocytes, and that this is due partly to a destruction of the leukocvi 
circulating in the blood, the effect bemg chiefly upon those whi 
normally respond to basic dyes. He regards the effect as also partly 
one upon the marrow of the bones. He notes a rapid increase in tl 
number gf myelocytes after z-ray treatment is discontinued. 

_ Roger 5. Morris* notes the eff 
hours) m healthy rabbits and rats. There is a reduction in the el 
oft leukocytes, the lymphocytes being chiefly affected. There is Do ¢ Front 
upon the number of red blood cells or upon the amount of hemoglobin. 

It must be remembered that a sudden fall of perhaps 200,000 leuke 
cytes 15 not an unheard of thing in leukemia without special treatment 


ee: = sok valuable observations upon the clinical benefit anc 
Peabo ogie Rndings in cases of leukemia treated by the x-ray. He four 
that the mvelocytes rarely disapy are] ™ . 
Bc cere Selanne and L. d’Amato* found that z-radiation | [ 
nota bhy = 7s eat perceptible increase in the number of leukocyt'= 
The blood of ne an tes, Spparently by contraction of the orgs" 
portion of lymphocties seen tm 2 patients showed a Jarge pt 
of muudltinnusies ie a “ome multinuclear myeclocytes, a small n Limi e 
eclis. the WaT wel heen of myelocytes and of nucleated red bloot 
The zerum had a = oe Perior to that found in the eirculating boo 


sheht agelotinat:s = “22 aly 
kocytic action. ght agglutinative actlon, but neo hematolyi ic of le . 


ps 


ect of long z-ray exposure (three to i. 
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The abnormal relations between the various forms of leukocytes 
persist even though their total number 19 so markedly reduced, 

Effect Not a Bactericide One.—The benefit m leukemia «does not 
seem to be due to a bactericide action, for the z-ray is only weakly 
effective in this direction, and then we do not know that the disease is 
of parasitic origin. | 

Nature of the Beneficial Action.—The favorable effect of the x-ray 
in splenic and lymphatic diseases (including leukemia and pseudo- 
leukemia) is explained by Krause and “tegler on the ground that the» 
application destroys the pathologic lymphord tissue. 

Edeall attributes the beneficial effect to an action upon the tissue 
ferments. 

The Nature of the Leukocytosis in Leukemia.—Large lympho- 
eytes form 90 per cent. of the total number of leukocytes; small lympho- 
cytes, 4 per cent., polymorphonuclear leukocytes, 4 per cent.; myelo- 
cytes, 2 per cent.; eosinophile, 0.0 per cent. - no basophiles or eosino- 
phile myelocytes (Mendelson and Sondern). T hese observers found that 
on the day of death the large lymphocytes fell to 30 per cent., while the 
small lymphocytes increased to 53 per cent. 

A simple count of the number of leukocytes 1s not regarded as suffi- 
cient: there should be also a differential count mm cases of leukemia under 
x-ray treatment. 

Ledingham' treated a case of splenomyelogenous leukemia with 
marked eeneral improvement in the condition of the blood. The 
patient died of the grip, and a post-mortem examination showed that 
Malpighian corpuscles were absent from the spleen and that lymphoid 
tissue was very scarce. The most remarkable change consisted in the 
substitution of proliferating undifferentiated basophile myelocytes for the 
fully formed neutrophile cells usually found in the spleen in leukemia. 

The profoundness of the changes m the spleen caused Ledingham to 
recommend caution in the application of the z-ray after the leukocytes 
had been reduced to the normal number. 

Holding and Warren* report temporary improvement m a case of 
pseudoleukemia and in one of leukemia. The treatment was apphed 
to the spleen, the enlarged glands, and the epiphyses of the long bones 
(elbows and knees especially). The blood showed the improvement 
reported by so many other observers. A careful examination of the urine 
showed an increased amount of uric acid and a high ratio of ume acid to 
urea during periods of active z-ray treatment, but Holding and Warren 
were unable to trace any relation between the leukocyte chart and the 
urinary analysis, as above, or as regards the uric acid and purin excre- 

tion. 
The increased coagulability of the blood produced by x-ray ex- 
sures has been suggested as of possible value m hemophilia and other 
emorrhapie conditions.* 

Effects of a2-Ray Treatment Upon Excretion of Uric Acid in 
Leukemia.—The majority of observers, including Pancoast, find that 
the amount of uric acid im the urine is imereased by the treatment, and 
regard the treatment as contraindicated if the amount of urie acid in a 
twenty-four-hour specimen falls after the z-ray exposure. 

i Lancet, Feb. 10, 1006. 


1 New York Med. Jour., Now. 11, 1805. 
' Gramecna and (huadrone, Arch. Gen. de Med... 1908. 
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It is noteworthy, however, that another obsen 
contrary conclusion : 

The reduction in the amount of uric acid in the urine. 
consequence of increased oxidation and other vital processes, 
by Rosenbe reer as An nmnportarnt indication of the benchit of z-rav 

application inleukenua. If the amount of uric acid fajls fe ease es | 
hs thinks that especial caution should be used in : bernie 


applying this methe 
Be. rennet Ac Oe yrcline Li this " observer rt E a 


| er there is a chance in the ex- 
tion of uric ack] In cases of leukemia tr eated by the r-ray. The 
ibicieoeneee 15 increased A 1 t first, then diminishe “1. and th * _ rats rs i fexr: 
the normal. The exeretion of xanthin is inereased throug ah 5 the abet 
Tent. He fines no such ch ane in the urine in eae oF p Seucdoleukem, 
or diseases other than real leukemia treated by the x-r; : ikemia 
Chemic and Histologic Researches in Patients ais Leukem: : 
Treated by the a-Rays (Los ssen and Mor aw ee Mine teonr: 1 
of myeloid leukemia treated by z-rays, and in which there was i eee 
to the normal number of leukoe ‘vies at the same time that ¢! sige 
N 


uric acid 


ver has arrived at a 


Which 1 4 


T= ré asciad 


treat- 


ay Cty 
Ned Tio 


= 30, inst 


of ure acid returned to the average. ( 


it was at first.) 

These facts indicate a diminution in the activity of the tissues pro- 
ducing leukocytes. These authors insist on this retrogression 1 of | he 
leukopoietic functions. In certain cases, however, the diminution in 
the leukocytes is not accompanied by a lowering of the urie acid ratio. 
Sometimes One tan see developed In pe ients treated by the 2-Tar 

an aplastic leukemia which 15 ce (pene len L upon the hypop lasia of the 
Gakopoisti ic organs produced by the x-rays 

Development of a Leukotoxin from 2-Ray Exposure.—Milchener 
and Wolff Sob that z-ray exposure of the : spleen after removal from 
the living body produced ; 3 leukotoxin. An extract of such a spleen 
Injected into a healthy anal produce ed a marked reduction mn the num- 
ber of leukocytes, while a similar injec tion from 8 spleen which had not 
been z-raved produc “ecl leukocytosis, meresasing the number of white 
blood-cells. 

Exposure of HIVIng ATL: als to the z-rav produce 2 4 reduction in the 
number of leukocyt Les, CS) epially if the bloocd-form inher Oreans, the spleen 
and bone-marrow, are exposed. The fact that the primary effect 1s 
followed by a renewal of the number or even an Increase over the original 

number of leukocytes is taken by some authorities to indicate that the 
efiect is a direct one upon the ‘leukocytes and not a depressant one 
UpOD | the blood-forming organs Other observers, like Iwan Hoseu- 
stern, consider it duc to the ed feet upon the leukocyte-forming organs, 

ATiCL that the number of leukoc Vtes re red uced not by their destru ction, 
but by their greatly restricted produ ction. ; 

The observations of Capps and South" show that serum from 3 
leukemic pe nhient who has been tresate cl by the <-Faw | yoduoes marked 
reduction in the number of leukocytes if injected i ato another leukernic 
patient. This leukotoxin is strongest when the patient bas res sponded 


i Minch. mei. Woch., vol. lin, Xo. 22. 108. 

? Deutech. Arch. f. iim. Nied.. &3 2s [tak 
1 Berlin. kin, Woech., vol. xii, No. 24, 107. 
‘\itimch Med. Woch., May 2, LAH. 
* Transactions im. Rontgen Ray Soc wove. DOME, po. LEK, 





RONTGENOTHERAPT Oe, 


sae to x-ray treatment. The action selective. affecting mononuclear 
leukocytes more than polynuclear ones. Its repeated! injection into 
another pea Coen proiuces a kind of Immunity, ao that rt is not followed 
by 1S erent ah reduction in the number ot leukocs tes 99 if enusedl at first. 

[This same serum possesses marked leukolytic and agglutinating 
effects Upon bloml am Piro. Phagocytosis 3 not affected] by the serum 
Irom A patient who has been x-rayed. , 

Accidents Which Have Followed 2-Ray Treatment in Leukemia. 
—X-ray dermatitis over the spleen has been observed by so many 


operators that it seems as if some special susceptibility must exist. 
(ne precaution which may be taken consists In the use of a screen of 
leather, wet or dry, or four thicknesses of chachyvlon plaster, az a means 
of arresting the soft rays, which would otherwise be absorbed by the skin 
and set up dermatitis and which have no curat ive influence-in leukemia. 
The position of the tube has a great deal to do with the effect upon the 
skin. In some reported cases the x-ray tube has been placed 10 cm. 
(4 inches) from the surface of the body. A bum was a natural conse- 
quence if enough z-ray was applied to affect the deeper parts of the 
spleen, situated two, three or four times as far from the x-ray tube. 
The rays are then four, nine, or sixteen times as concentrated at the skin 
surtace as they would be at the deeper parts of the spleen if the matter of 
distance were alone operative. But to this we have added the effect of 
absorption by the superficial tissues. The anticathode should be placed 
at a distance of from 13 to 16 inches from the cutaneous surface In 
treating the spleen. The rays should be of a fair degree of penetration, 


about No. 7 Benoist. Dosage 1s of vital importance, and cither long 


eX perience or the use of such a means of measurement as the Sabouraud 
and Noiré radiometer or the author's intensimetrie units should be de- 
pended yp in to secure the OOrrect close. "Toa apply the 2-Tay¥ PVPTI for what 
seems to the operator to be a short time is dangerous if he has no means 
of knowing the strength of the ray produced. It is like administering 
a teaspoonful of medicine from a little bottle marked “Solution of Mor- 
phin” without knowing whether it is a weak solution, of which a tea- 
spoonful is a moderate dose, or a strong one for hypodermic adimimistra- 
tion, and of which 5 drops will render a person unconscious and a tea- 
spoonful might easily be fatal. The operator may know that with his 
apparatus rerulated in a certam Way, 50 AS to rive a certain number of 
amperes with a certain rate of interruption in the primary current and a 
certain resistance in the tube resulting in 2 certain numberof milliamperes 
of secondary current, 4 eertain number of minutes’ exposure at a certain 
distance constitutes a desirable application. This knowledge he May have 
rained by experience or by the use of the quantitat ive or intensimetric 
systems so often referred to ‘n this book. If he does not know the safe 
dose of the rays generated he had better make the quantitative or inten- 
simetric measurements for the special case in hand. The theory that 
the z-ray docs not burn, but ather an electrostatic or condenser con- 
dition of the air separating the z-ray tube from the skin, and that burns 
may be prevented by placmg the z-ray tube at the proper distance 
(13 to 16 inches) to overcome this effect, is not to be relied upon To the 
neglect ot proper dosare. Hurns have occurred In tascs mM which this 
theory as to distance has been exclusively depended upon. The cumu- 
lative effect of the z-ray is always to be borne in mind, Eixpostures 


which individually might produce no visible effect might produce bad 
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burns if repeated day after day for a great many weeks. This 
the exact knowledge of dosage i= most important, 

A case of Liebermeister’s, a woman of sixty, showed ear line « 
and additional swelling of the glands and died after x-ray ex... 

Hodgkin’s disease. Pleurisy with effusion followed x-ray os 
leukemia in two of Quadrone’s patients. Such accidents Sure 
sugrest caution mn commencing this treat Ment upon ny 
whose decree of susceptibilit ¥ 15 unknown. 

The loremia which often follows tray exposures 7 this re cai St 
and which has been made the subject of admirable studies by Fdeatt sé, 
others, 1s deseribed on p. 1033. A case in which Panrosnst inspira’ 
radiographic exposure of eight seconds preliminary to " n cape ses 
application showed pronounced and almost fatal toxem ie The 
dition appears to be due to the inability of the kidneys to aver Seed 
enormously mcreased products of destructive metabolism MOVE Toe 
guarded against in two ways: First, by making sure that the Lidne 
are in a healthy and active condition before applying a is re 
second, by commencing with extremely small doses. Pancoast’. 
suggestion as to avoiding the spleen in the first few weeks or minntha et 
z-ray treatment for leukemia certamly tends to prevent the REE 
of extreme toxemia, though this is not its only object. aie 

In occasional cases of leukemia treated by the z-ray a rapidly fatal 
anemia has followed. . iP 

Contraindications.—The x-ray comes into play especially in cases 
where abnormal cellular activity and development are taking place, and 
is contramdicated where profound depression of cellular life has taken 
place, as in the marrow of the long bones in pernicious anemia. 

Insufficiency of renal activity is a contraindication. 

Technic of a-Ray Application for Leukemia.—Two principal 
methods have been used for the application to the spleen and the en- 
larged glands: (1) Belot and others in Europe make applications of 4 or 6 

olzknecht units over the entire surface of the spleen once a week untul 
stopped by the development of dermatitis, which seldom occurs. To 
secure uniformity of effect the tube is about 8 inches from the skin and 
the surface is x-rayed in four sections, three being protected while one is 
exposed. The entire four sections are treated at the same session. 
Belot has not observed any cases of toxemia from this method, but im 
America it is regarded as extremely hazardous in an untried patient. 
Fatal toxemia has been observed from a single application of this 
strength in leukemia. There is not so much danger in the same appli- 
cation to the lymphatic glands, but even here it is risky at the frsi 
treatment. (2) The method or daily application or fractional doses 
of about } to 4 Holzknecht unit over the spleen and Iymphatic glands is 
usually safe, provided the urme hss been analyzed and the kidneys 
found to be nonnal. = : 

The rays should have a penetration of about No. 7 Benoist, and an 

example of technic producing ® FL. is as follows: 

. Muller heavy anode tube 6 inches in diameter, 12-inch induction- 

coil with great self-induction; Caldwell interrupter, S amperes current, 
1 rec nna pee CUSTER; No. 3 Benoist, 34 inches parallel spark-gap, 
listance foen oa aris ve Il soneey Bo Eeoase Saar 
Utes equals a H. WUE tO SAT de Denes, an Cxposure Of Mane Ait 


E 

A fig a | = 

ie i LF 2 
a 


new patient 
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An expPOstire of six minutes und 


The daily dose er the same conditions equals | FH. 


Std a | wah = 7 a i 2a 
Vanes between these AMOUNTS In different easrs 


The curati = 
. “SEACIOn Of CXpPOsure woul, + A Tew ie 
given only every tun da’ 3 would be doubled if the treatment were 
* r LJ ah = 


iV" Anothe eX SiMe of d 
appler mechanical intorens ce * 
ofan ae han aul interrupter, 3 amperes of primary current pre 
Aa re bode Cu rent. rays NO, a Benorst. resistance @ nahine : sina 
spark-gap, anticathode and LCCeSSOry anode 


connected distance fre roe ; 
a e rom Anes fim ia oa ny 
; inticathode to skin 12 inches: an exposure of 


five minutes equals about 1 Holzknecht unit. 


a 


Ces FF f f ra + oY Fe Mr a . | =| 
mt & mploy : thie SEITE a=-TAV tube rime | rir #1 


ih 
9 ie oe Sr a ed i = : 
Theostat resistance. rid) 


Another examole of ry iene a 7 : 

dh ‘ in atin AAT Ie ru dogarce LOUoTEd [rom Paneonst) employs “ liawel 
Tube, Tréesstance 4 Inches. an indu ion aa i] 7 nen one fat ard 
" = ho 7 i i =a ha - = | ed a a ie Fl Wi hi | mechanical Sorin 
verrupter, and & secondary current of 1 ma. Four m; sbiereieel seb = 
over the abdomen at ad: : sag * Ta. + Our THMUteS EX THOSUTe 
hort ati] eres onc nce Of 9 or 10 inches is a very mild exposure 
but still was PNOUSH to rane a ae aye ‘ : DOSUTE, 

: fi mgs one DrOnMouna LOX EMIs In ff Ree of Den Icio = 

anemia. Jen or fifteen minutes ic a mocnle Wi PCTMICIOUS 
loved by Paneoast. | nutes 18 a regular therapeutic dose em- 
OVved DF : tthe Sh. Attention is to he called to the fact that he nea 
onger makes the application to the enle | pig ral hc Sel 
pvents the appheation to the spleen, not at the start, at all 
events. 
Rontgenization of th | 
= ey ‘Sgn eee of the Long Bones Instead of the Spleen 
Gr 1 emia. ims 1s a method adopted by Pancoast* in the effort 
Hn & Means of permanent cure metead ea aaa : or 
method which a ers ; : es or nae of temporary beneht, and it is a 
mewnod Wich seems to be less likely to be accompanied by distressing 
accidents than the older method. : 
ao re i . 1 r a 1 ba —_ 7 oh : = =o a i = 
ae rae od ea are required, and the same quality 
al Cnsity OF TMatila ane! Same distance ; - if 
2 fee ee Seta fas ition, anc the same distance and duration of 
“posure: 7 a€ spleen is not exposed, and should be protected by z-ray 
Sik ae he x-ray tube is used without a localizer. His method is to 
casa rN Sa agra es of both knees, lor instance, tor three days, which 
usually causes a reduction in the number of leukocytes. a fourth ex- 
posure being sometimes required. The different parts of the skeleton 
FecelVe SUCCESSIVE COUT=€s Of exposure, even the dorsal vertebra being 
treated. After making a complete round in this way, the same process 
1= repeated, and it may be that several rounds will have heen rome 
through before any applications are made to the spleen. 
lhe result is a progressive reduction in the number of Jeukocvtes 
and a return to the normal differential count. ‘The spleen doez not 
show nearly as rapid a change as when it receives direct applications, 
but, none the less, it gradually diminishes in size. Exactly whe 
ae Bee A ctly when to 
begin z-raying the spleen is a matter of judgement in individual cases. 

Che guiding principle seems to be that the spleen should not be 

z-rayed as long as it 1s practically a great mass of degenerate leuko- 
cytes, ready to break down under the r-ray, and cause toxemia from 
overloading the excretory functions. The theory assumes that the 
spleen does not produce these degenerate leukocytes, and that treatment 
of the spleen merely destroys them without reaching the cause of their 
abundance. The application to the marrow of the long bones is sup- 
posed to exert a curative miluence upon the cause of the disease. 

The results of this plan of treatment cannot yet be determined, but 
it seems to the author a step im the nght direction. 

The applications should be made with very great regularity, and no 
ordinary exeuse should be acecpted for taking a vacation of even as long 
as ten days at any time until the blood-count is normal. 

t Jour. Am. Med. Assoc., Apml 25, 1908. 
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Benzol as a Medicine for Leukemia.—Korinyi of Budapest wes 
the first to report upon the henefit to he derived from the int i fi a 
this drug, and this fact. has been verified by numerous other ann fia 
A good mode of administration, suggested by Kirdlyfi, is by canerle 


containing fi grains of ur benzol and an ecpusl Quantity of olive cal 
Two to ten capsules are taken alter meals and the maximum dose Pa 
75 grains (5 grammes) of benzol per day. The treatment i ‘epeesalk 
effective in cases previously treated by the Rontgen ray. The affect Fy 
chiefly that of reducing the number of leukocytes. B nzol is a dr a: 
be used cautiously, and not for an indefinite period of time. Too 
an effect causes severe or even fatal gastro-intestinal irritation. _ 

The Gauss Method of Rontgenotherapy for Uterine Fibromyomat, 
—The use of hard rays filtered through 3 mm. of aluminum, with the 


tube rather close to the skin and the c¢ross-fire principle to avoir rep 


peated exposure 0! the same cutaneous surface, has led to erestle ; 
proved results by Kronig and Gauss in the Freiburg Clinic. The: 


Fig. 749.—Water-cooled tungsten targct tube for Gauss treatment work { Raker X-ray Co.). 
hle in five weeks, but con- 


gard practically every case of myoma as cura | 
hout CHusing 


sider operation preferable if enucleation is possible witl 
stenlty, or if there is probably cancerous degeneration or gangrene of 
i the bladder is incarcerated." 

Their technic? involves the use of a water-coole: 
principal bulb, connected with a T-nch accessory hulh. 
the stability of the vacuum. They use 3 sccondary cl 
milliamperes sent through the tube im a succession of flas! 
meur. The tube is enclosed in a cup-shaped shield of es, Ene 
orifice of which is covered by a screen of aluminum 6 mm. (or t inch) 
thick. The z-ray is applied to thirty or forty different areas of the ab- 
domen, front and back. Each area is about 1 inch in diameter, and upon 
it 15 laid a Kienbock strip of photographic paper to test the dose apphed. 
The ekin immediately around this area is protected by a thick lead disk 
'A. Hamm, Therap. Monatahefte, xxvii, No. 7, Berlin, July. 1s. 5 
hh. ¥. Acad. Medicine, Obstetric and ¢ Huceolagic Section, Nov. 28, 1915. 


1 tube with a d-inch 
which incresses 
Trent of 5 or 10 
es by a rhyth- 
ead glass, the 
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| te 


a! meh Ti diameter, ancl overlapping the elgos of this Are twe 
L AY “4 j Li i Taare of shied lencl, Pinch thick. protecting " regen af 1 Fant 


square. Overlapping the lead is a protection of z-ray-proof fabric cover- 


1 d L Ft 1 " 2 F 
Ing the entire trunk and head. They place the tube very near the ekin 
tt bring the anticathoce AS Tha 7 “s 


ir as poczible to the “wy lesin ehvinge 
upon the thick aluminum filter to Seny the pit which oun ce 
affect the skin; and aiso upon the fact that the dose applied ta the tue: 
seated lesion 18 divided among many different skin areas. Nevertivlas 
as measured by the photographic strip in contact with the skin. the doer 
appled by these operators at each spot appears to be several times the 
erythema dose as measured by the Kienboéck sensitized paper. The 
reason this arge dose docs not produce a dermatitis in each place to 
which it is applied is because the thick aluminum filter has stopped all 
the rays which would be entirely arrested by the skin and permits the 
Peissiee of rays Which are approximately homogencous. While they are 
arrested in part by every portion of substance through which x-ray 
passes, still there is no great part which stops right at the surface and 
exerts all its ettect there. 

Experiments with a Kienboéck strip placed upon the surface, and an- 
other inside the uterus (aiter dilatation), have shown that one-quarter of 
the z-rays passing through 3 mim. of alummum reaches the cavity of the 
uterus and one-half when 4 mm. are used. 

The z-ray converges upon the uterus and ovaries from many dil- 
ferent portions of the surface. Kronig and Gauss give a complete treat- 
ment at a single session, lasting perhaps three hours and requiring per- 
haps seven different z-ray tubes. This is repeated every three weeks 
until permanent amenorrhea is produced, and in 300 cases.or more they 
have secured a complete cure. The cases in which amenorrhea is not 
secured are apt to have a return of the fibromyoma. 

This method of verv heavy dosage, even with filtered rays, is not to be 
rushed into without gradual, careful testing of the effects of such appli- 
cations. Necrosis of the intestine has been reported in rare instances and 
also dermatitis. ; : 

Kronig and Gauss apply mesothorium and radium internally in many 
CASes., : : 

The method desenbed marks a very great advance in HKontgeno- 
therapy, but requires great study and experience. 
EPITHELIOMA 

The form in which the skin ts not adherent or fixed to the underlying 
tissues is almost certain to be cure d by z-ray treatment. This form 18 
frequently met with near the inner angle of the orbit, and 1g Se The Erst 
ally the same as the intractable form occurrmhg on the lip. rs a 
form may exist for years without amounting to Very much loca ¥ =r 

) ee ae ~~ ant and may be radically cured by caustics, 

without rlandular involv ment, : Sieg i Pracsene-neg dey stating PTS 

ort The second form is clinically an entirely different 

rtain stage it involves the tissues deeply, 

has a tendency to destroy mae ea : 

F dene OX CISHC ¢F-ray. Lone Os 

seldom completely cured ay banat lhe Pee iaally at the 

hype occurs upon a8 ra ot tis of the orifices of the body. The frst 

mucocutaneous ju" en as distinguished from the true cancer of the 

may be called cancrol ee ivne, or skin-cancers, I-ray treatment 13 
second type. Im the first type” 


excision, or the x-ray. 
disease. After reaching a ce 
produces glandular metastases, 
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practically certain of success and gives a better cosmetic effect than anv 
other kind of treatment. tid 

tecurrence after surgical excision of an epithelioma of the fare 1 
frequently due to the fact that the surgeon has i 
fected Panen bemg influenced by a desire for a cosmetic cect ancl to 
leave as little deformity = possible. Curetage, the gralvanocauters 
electrolysis, or mercurial cataphoresis also are liable to leave infected 
tissue for the same reason. The tissues which are not actually d ar “ : 


riet Pe De hee we rel 2 kL : 
om i at iti- 


are sources aya trouble unless the Process 


: has be ‘y} annlicc a Yo] ct the 
infected area, and this it is often Impossible to clo without leayir 


EF 


| 7 
= i 


undue deformity. The z-ra\ is nat open to any such objection Tt ne 
be applied to a wide enough area to include all the infected tissue and 
some of the surrounding sound tissue in a case of epithelioma of the pert 
and in a strength suitable to the cure of epithelioma it does not destror 
neighboring sound tissue. It is an ideal method from a cosmetic stand- 
point, and for the reason above ot ated a case of epithelioma of the face 
cured by the r-ray is much less hable to recur than one treated by the 
ather methods mentioned. 7 

Some caustics, ike pyrogallic acid, have the property of destroying 
exposed epitheliomatous tissue without injuring the neighboring 
sound skin and are excellent from a cosmetic point of view. There ts no 
eych deformity as results from surgical excision, but there ig not the 
eame freedom from recurrence. which is the chief advantage of z-ray 
treatment. 

According to Robinson, the x-ray as an exclusive treatment is most 
likely to be successful in the variety of cutaneous epithelioma known 
as rodent ulcer and in some cases of superficial prickle-celled epithelioma. 
He also regards certain cases of rodent ulcer, especially those of the 
crateriform variety, as incurable by the r-ray or any other known 
means. “Hard, firm, elevated epithelial margins must be made more 
vulnerable by injuring agents, such as caustics, before the z-ray 1s 
applied.” 

“These are the cases in which, if the z-ray alone is depended upon, 
@ more severe reaction than usual must be produced. 

The high-frequency spark from a metal electrode is an excellent ap- 
plication for epithcliomata which do not yield readily to z-ray treat- 
ment, or which, from their very appearance, we know wil pri ibably not 
do so. It has been referred to elsewhere as an adequate exclusive Lreat- 
ment for non-malignant keratoses and for epitheliomata where the dis- 
ease is entirely localized. It does not destroy the disease bevond the 
point of application anc necrosis and, therefore, in certain CASES it would 
nol prevent recurrence unless the zr-ray were also used. 

_ Microscopic Changes in Cancer Under a-Ray Treatment.— 
Stewart! examined tissues from an epithelioma of the wrist of traumatic 
origin. The important changes found were fatty degeneration and 
vascularization of the epithclial pearls: leukocytic infiltration and camous 
degenerative processes leading to destruction of tissue; bodies indis- 
tinguishable from Plimmer’s bodies multiplying as the epithelia de- 
generated. = 

The histologic changes in a case of epithelioma of the gum and hard 
palate treated by myself were chiefly those of leukocytic infiltration. 
The disease was not cured in this Coe, however, only held in check. 
. Joor, Am. Med. ssoc,, 10400. 
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_ Effect of Alcoholism.—Alcohol used in eneese ty tininee Sap 
of epithelioma, cs peciilly in elderly PS rSOns. andl interferes with 4a a 
eficacy of y-ray treatment.’ : a 

Application of a Caustic Before a-Ray Treatment of Epithelioma 
—— A saturated SMUTION of chiorid of Z1lne 1s aT excellent enustiv r 
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Fig. 751.—Epithelioma of forehead cured 
by Hoéntgen ray treatment. The nose was 
subsequently treated successfully. 


Fig. ry ik Epithelioms of forehead sand 


noae hefore Haontgen ray tretiment 


ive action Upon the diseased tissues, such as that exerted by pyrogallic 


acid. Pee eas 
Flat Surface Forms of Epithelioma.—A case of this kind was suc- 
cessfully treated by the author at St. Bartholomew's Clinic. There 
was an ulcerated surface, looking like the sluggish raw surface some- 
B died: / i i ‘ i : : ‘ - = an | . ata 
times left by a burn, over the trapezius muscle on one side of the neck. 
‘The patient was a man sixty years old, and this had begun 43 i stetll 
ee ae ee Tr asured Linch by 2 mches. 

pustule and had gradu 


aly extended until rt me: : : 
i 1 ,. bear a (roen and Bauer heavy anode x-ray tube 
Applications were made by a Green and Bauer heaw ‘ 
: wl ina Fne 


6 inches in diameter, enclose dlander shield and excited by an 
. Jaco 2 Se B - : nee 
aldwell interrupter and a primary 


cme ' current of 
$-inch induction-coil with a Cak ; -. « Walter TES 
4 amperes. The rays were af penetration No. 6 Walter. Exposures 


of two minutes three times 4 week, at a distance of 9 inches, were mde 
1 Lai Trl : ire = 4 wi 


14. R. Robinson, hew York Medical Journal, Dec ov, TEMS, 
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until a sight reaction occurred, and were then reduced in frequency. It 
took about seven months to effect a cure in this case 


ae 


Fiz. 7o2.—Chrente induration 
snd niceration of the face lasting 
ten years and recurring alter 
healing under the tray. Finally 
excised. 


The ease shown in Fy i Whe Deri- 
liar. Following a seratch received when 


the patient was a girl twelve vears old an 
indurated and ulcerated spot had persisted 
for fourteen years. This disappeared under 
fray applications made with the tube ina 
localizing shield (Fig. 754). with the face 
further protected by sheet lead, throuch 
which a hole was cut considerably larerer 
than the lesion. <A piece of adhesive plas- 
ter fastened the lead to the skin around 
the lesion, the latter being left entirely: ex- 
DOS . 

During the course of a couple of vears 
there were recurrences and repeated x-ray 
treatment and, finally, surgical excision. 
Unfortunately there was no microscopic 
examination. There has been no recur- 
rence. 

Epithelioma Near the Ala of the Nose. 
The following was such a case, the patient 
being a lady sixty-seven years old, whose 
father had suffered from a similar trouble, 
resulting m the loss of the entire ala of the 


nose. Hers becan three vears ago as a small abrasion and growth under 
the right eve and which gradually reached the condition present when 


Fig. io pibhelomn fear inner eanthus Cured by Rintgeernct he bpee 


she WHS Sfni to me [t Wiis about the aire of the Ment ct ri almond, 
covered by a thick scab, which fell off about every four days, exposing 
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L cr th wis freely movable and tlhe re Wiis no Peiln, OU 
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5 i ry* m I he Frei 
and redness of the malar region. Phere were no eeleurvetialen 
Or affection ct the general health. hie noniyv Lren em rit 
y-ray each week from October 1, 14H 


applications of the x-r ensere : 
bis For most of the applications a Morton treatme: 


a = 


a iT 


used, which if made of lead-glass perfectly trans paren co light i 
opaque tc the r-ray- this is the kind Known as flint glass, anid i Loe 
“paste of which imitation diamonds are made. “A piece o| “Ordinary 
fase (Eransparent to the y-ray) fOr: the end of the prolongation 
through which the z-ray passes from the anticathode. When properly 


excited this tube 1s filled with a beautiful blue liwht. brighter in front 
than behind the equator formed by the plane of the anticathode. The 


S| [= 
Fle. 756—Epithelioma near lobe of car. Had Been unsuccessfully treated by radium 
and abandoned r-ray treatment alter three applications. 


ordinary “crown” or soda glass forming the end of the prolongation 
presents the familiar greenish fluorescence of the z-ray tube. With the 
fluoroscope a sharply defined cirche of light is produced by the 2z-ray 
from this prolongation. It is covered with thin rubber and held directly 
in contact with the part to be treated. A liquid interrupter of either the 
Caldwell-Simon type or the Wehnelt was used with a 12-inch coi, with 
large self-induction in the primary coil, and a primary current of 45 
amperes, the resistance of the tube being 2 inches and the radiometer 
(Tousey’s) 2. To avoid overheating the tube it was applied for a num- 
ber of short exposures, ageregating from three to five minutes at cach 
session. The tube was held in position by hand. The last month’s 
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duration of exposure 

it} a7 mary Current that 

with the same primary currel 

was used with the Morton treat- 

ment tube. 
Whenever : 

‘ndicated by moderate Teaness anc 


eame itching, was established, the 


a certam reaction, 


treatments were Dis! le somewhat 
weaker. The ulceration was coMm- 
pletely healed in two months antl 
qs half. but the mduration was 
more persistent and the treatment 
was not completed until the first 
of March. 1905. At that time the = 


Fic. 757.—Epithelioma of nose, cured by 


surface was flat and flexible; there 


was some redness as a result of | 
the treatment. Three years after the cessation of treatment there had 
been nO recurrence. epee 
Several hundred similar cases have been treated in different parts of 
the world and with great suc- 
Cess.. 
A Case of Epithelioma of 
the Gums and Hard Palate.— 
‘Lhe patient shown in Fig. 795 
had been seen by Dr. Brewer, 
who had removed a section for 
microscopic examination, and 
who considered the case as 
unsuitable for operation. She 
was seventy-five years old and 
had a positive family his- 
tory of cancer. The trouble 
started four years before in 
consequence of irritation from 
aset ot artificial teeth. When 
first treated, August 14, 1MH, 
the upper gums and roof of the 
mouth and the inside of the 
‘eee check presents the ea 
ee Secon nes : ance of a bright purple mul- 
mnie Heid if che ee o ae ee rot of berry. Each little aie wis 
treatment, but finally {ntal. ee a shiny and translucent. There 
_ WAS comparatively litthe pain. 
cations from a heavy target Gunde- 





The treatment. consisted in appli 


“a th 





1106 MEDICAL ELECTRICITY AND RONTGEN RAY: 


lach tube in a localizing shield with a evlu der 13 inch 

the distance from the antic: athode és th we Chien sar| 

H to ll inches. An «o an¢ch mdue tion-coil was used 

interrupter and a pra irv current of 4 amperes. The 

(ube was equal to a 24-inch spark-gap and the rays wer ] 

Fach part of the diseased tissue received an exposu Ire 

onds to two minutes at cach treatment, twice a week. 
There was more pe un alter the tre: tment was heo 

been before, but this disappeared ; the case progresses a 
A pathologic examination, made . Oc tober “ 1904, ae ; 

treatment. showed the same gene ral type of epithelioma: 

mouths before treatment was begun, but more epithe 

mild acute infil: umation, the whole tissue being infiltra ted with pus-ce 

Six months’® tr atm vent 1. 
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all kinds of food 

quiring mastication. 

gained 21 pounds in weirh 
discour: 

‘treatment and of comi 


the city from her count 


7 1 1 _ 
ti) queht wp PHTOADS LOA She Wold 


Fel alc if equ ally Will WILnOWL ANY 
further x-ray treatment. Reports 
during the ensu un ryear were to the 
effect that her mouth hack Totten 


into terribl e CONC 1On. STi SHC OM 


many months aiter the z-ray treat- 
ment was stopped. fee 

Cancer of the Lip.- nae is a 
yd dae ot enithe Hioms wh ie] h 


different from that Occurrin, at | 
rin- 199.—Epitheliomna of orbit. This other parts of the face; t-ray treat- 
Patent bas been under x-ray treatment i - 
several years, during which the disease has ment should not be ah Pe 
Made slow progre«s_ upon as the sole method of treat- 
ment. hat will Serve 99 9 V: sluahle adjune L tO SUPER. It will help ta 
prevent recurrence after excision. In more than one still in the scaly 
hot ulcerated = tare the author has obtaimed a permanent cure by 2-ray 
treatment alone. 
Epithelioma of the Eyelid and at the Inner Canthus.— Another 
class of cases 1s shown | in Fig. 759, a sevemty- -five-year-old pat ent at St. 
Bartholomew's Clinic, with a deeply ulcerating epithe lioma of the lowe 
eyelid: x-ray treatment was employed for a pe riod of about a year and 
uh half. but it dul not succeed in hé aling r the ule eration. in fact, th 
actually became gradu ally larger du ring the course of treatment. Had 


this been | in 3 region where more vito We Treat mcnt Was permissible ull 
cure would probably have been effected, although the patient’s age and 
SUTTOUnCd ings Were unt: WOT tole, 


Anothe + unfavorable class of cases was Ulustrated by a St. Bart holo 
mews Patient with an ulceration on the side of the nose near the inner 





RONTGENOTHERAFY LL 


canthus. The surface was smooth and red and level with the surrounid- 
ing skin. I[t was adherent to the underlying tissues and there was evi- 
dence of deep-seated involvement: z-ray treatment continued for 
about a year seemed to hold this in check, but did not result m a eure. 
Here again the patient was old and poor, and the region was one in which 
viworous treatment was contraindicated. 

Tn cases like the two last z-ray treatment is useful as a palliative 
means if an operation is impracticable, and also before and after opera- 
Lion AS 2 Means of preventing recurrence. 

lit is going to an extreme to say that z-ray treatment ts not indicated 
mm epithelioma where the skin has become adherent, but it is certainly 
true that there is a very much greater prospect of success where this is 
not the case. 

Cancer of the Penis.—According to Robinson," the z-ray has bene- 
fited or even cured certain cases, but im other eases he says it has has- 
tenet the growth, aril ts long-continus i ust for a COSe of Twenty, 
urty, forty, or even a greater number of treatments wastes time and 
may reduce the possibility of success from an operation. 

There 13 no doubt that most cases of cancer of the penis should be 
promptly operated upon surgically. The z-rav used afterward and com- 
menced even before cicatrization will greatly increase the patient's 
chance of escaping from recurrence. If, for any reason, It 1s desired to 
avoll an operation and try the z-ray as the sole treatment, the attempt 
should be given up if there 1s no evident Improvement in three or four 
weeks time. The testicles should be protected by sheet lead. and in 
most cases the entire penis and both groins should be exposed. 


rh 
Cl 
| 


RADIOTHERAPY WITH THE TUBE IN DIRECT CONTACT WITH THE 
BODY 

The theory that the z-ray itself does not cause raciodermatitis, 
but that the latter 1s due to a condenser effect, and may be avoided 
by placing the tube in contact with the surface, has found its principal 
adherent in Dr. Gevser. His records show a series of about 5000 appli- 
cations with the tube in contact without a burn, but in a personal state- 
ment to the author Dr. Geyser says that he has had more than one burn 
due to the patient not holding the tube in perfect contact with the sur- 
face. His patients have sometimes made this mistake in order to lessen 
the feeling of static electric discharge which they experience, espectally 
when the vacuum of the tube is a little hirher than usual. 

lt should be noted, however, that these applicat ions were with a small 
special tube, the Cornell tube (see p.1109), and that the doses were small, 
and that there seem to have been no comparative experiments with the 
same doses to prove that they would have produced irritation if the tube 
had been at a distance. It is a fact also that Dr. Geyser does not 
apply larce x-ray tubes to the surface, either for treatment (as in cases 
of leukemia) or for radiography, ancl that he does not proce [yurms. 
The same is true of other operators. For instance, in the author's 
service at St. Bartholomew's Clinic not a single burn has been produced 
from the discovery ot the x-ray to the publication of this book. and 
the tube has been at a distance from the surface in most cases. The 
condenser theory supposes also that with the tube at a certain distance 


tsxew York Mel. Jour., Dec. 29, 1906. 
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from the surface there is immunity from burns, but this again is ¢o | 
viewed im the hghtof casesof leukemia, in which treatment berun by 
Dr. Geyser has been continued at the same distance by other ope a dries 
aivised by him, and burns have been produced, 

The author feels that the condenser theory of the origin of z-ray 
dermatitis has not been proved, but that it probably contains a certain 
element of truth. He believes it exceedingly dangerous to say that Zi 
burn cannot be produced with the tube in contact or with the tube at 
a certaim distance (“far enough to avoid condenser effect’). He he- 
heves that correct dosage Is just a3 important in this as in any other 
application of the z-ray. He hopes, however, that this method may 
prove a means of applying correct doses without the irritation which 
these have sometimes produced when applied from a distance. 


ae | 
a 


TECHNIC OF DIRECT APPLICATIONS 


The tube 1s of lead-glass, except at a window of soda-elass, where it = 
to be held agamst the surface. ee | 
Different tubes have been constructed for this purpose, begin- 
ning with Cossars and followed by Morton’s, Piffard’s, Caldwell's. 
Tousey’s, and, most recently, the Cornelltube. Most of these can be ape 


Fic. 760.—Tousey tray treatment tube. Electrodes turmed back from the plane 
of contact with the Hesh. Separate Iecd-glass shield for application to the gums. (Ex- 
ie before the New York Odontological Society, Oct. 17, 1905: Dental Cosmos, June, 


phed to the surface of the skin or introduced into the cavities or held 
hear the surface. Then there should be mentioned the different Unit 
tad tubes, from Tesla’s tube to Stern’s, all of which are intended 
for direct application. 

Practically, the choice lies between Tousey’s tube and the Cornell 
tube, which was made subsequently by the same manufacturers upon the 
same principles, but with slight variations, which the author thinks de- 
tract from its serviceability. 8 

The Tousey a-Ray Treatment Tube (Fig. 760).—The bulb 1s of 
lead-glass except at the flat extremity of a short cylindric prolongation, 
where there is a window of soda-glass, The anode and cathode poles are 
both bent hack so that there is no bare metal within 5 inches of the plane 
of the surface of contact or within 7 inches of the actual place of contact. 
There is a hollow glass handle, whoze cavity does not communicate 

with that of the bulb. There is a rerulator and i seal-off. The clis= 
tinctive features of this tube, as compared with the Cornell tube, is that 
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the Touzsey tube has a bulb 4 inches in diameter and a heavy antiesnt| 10 le. 
These features fit it for standing heavy currents for a sufficien time 
for any ordinary radiograph, where as = ll an area of illominai a 
this will cover is sufficient. It holds its degree of vacuum bet "a than 
the lighter Cornell tube. When exaploy: Ing the Tousey tube one is not 
C ont nei to long, weak applications of five, ax, OF more minutes, but mar 
make cu application of the same amount of a ray in one or two min nd os 
or less if desired. This tube mary, iievetave . be run with a Caldwell in- 
termnupter and other interrupters, with which we shall see the Cornell 
tube becomes overheated and loses its vacuum. 

Dosage With the Tousey Treatment Tube in Contact with the 
Surface of the noey —The anticathode 1s only 21 inches or 10 em. 
from the surface, and so, when the tube is directly in contact with the 
surface, the measurement of dosage by the Sarbouraud and Noiré tablets 
becomes a little different from the usual method. Ordinarily the test 


Fig. 761.—The Cornel treatment tube. 


ablet ts placed half as far from the antieathode as the surface to be 
s eated, and on the principle of the square of the distance the skin 
iS exposed to an inte nsity four times less than the test tablet. With 
the contact treatment tube, however, the test tablet and the skin are 
at the same distance and receive the same intensit y of radiance. A 
sufficient exposure to produce tint B in the Sabouraud and Notré radi- 
ometer indicates the absorption of about. 54 H. if the skim ts twice as far 
way from the anticathode, but with the contact treatment the same 
change i im the color of the tablet indicates four times the dose denoted 
ordinarily. 
The Cornell Treatment Tube (Fi i, #61).—This is a tube made for 
Dr. Geyser by the manufacturer of the Tousey treatment tube some time 
after the “Sinclair Tousey Tube,” shown in Fig. 700. Dr. Geyser can 
scarcely lay claim to originality in the tube, for it copies all the essential 
features of the Tousey tube—the lead-glass bulb, the anticathode near 





MEDICAL ELECTRICITY AND RONTGEN HATS 


the scnila-clase Window, rinss prolongations insulating the elort ree a 
the turning of the latter away trom the patient, and the insulated elas 
handle. The differences are lighter construction, contnbuting to easy 
handling, but detracting from ability to stand the current. 

Dr. Geyser's originality lies in the routine use of the tube for contact 
treatments, with the claim that the same amount of r-ray will not pro- 
duce a burn in this way, as if the tube were at some distance and a 
condenser effect were thereby established. 

There are certain technical details which must be observed in the 
use of the Cornell tube. These are consequent upon the small size of 
the bulb anc the hht ness of the anticathode, Currents of the etreneth 
ordinanly employed in radiography or radiotherapy almost imme- 
diately cause the tube to break down. The anticathode becomes over- 
heated and the vacuum falls below the useful limit. There are severs| 
ways in which this can be prevented and the tube kept in working order 
long enough for the therapeutic effect. Li the Wehneli interrupter 1s 
used, it is found desirable to expose a very great deal of the platinum 
point, so that a heavy current of 15 amperes will be allowed to flow, 
but with very slow interruptions. ‘The rheostat may be used in securing 
this effect. Each of the slowly repeated impulses produces a flash of 
z-ray, and an application of about five minutes 1s required when the tube 
is excited in this way. Another method, which will usually be found 
preferable, is to use a mechanical interrupter, such as the Wappler 
interrupter, adjusted to give quite slow Interruptions and a current of 
about 2 amperes. About five mimutes’ applcation is desirable in this 


ease, but the quantity of x-ray bears such a direct relation to the number 
of interruptions per minute that even a very slight difference in the ad- 
justment of the interrupter will necessitate a decided change mm the 
duration of the exposure. 

Any technic is suitable which enables the proper quantity of z- 
radiation to be applied without overheating the tube. 


CARCINOMA 


The cases in which z-ray treatment may produce 4 cure are prac- 
tically limited to those of the breast and other external parts with- 
out internal glandular involvement, and the more nearly the tumor 
approaches In microscopic structure the border-lime between a ma- 
lignant and a benign growth, the preater is the prospect of complete 
success. 

Effect of 2-Ray Treatment in Cancer.—The mode of action of the 
tray in the treatment of cancer has been studied by Lyle.' He has 
always noted an abundant discharge after the applications, and this 
discharge is alkaline and crystallizes when exposed to the air. He 
regards this as an external evidence of a chemic effect, which accounts 
for the toxemic SYInptoms which sometimes follow an application 
He thinks that this chemie product is dangerous and sometimes fatal, 
and that z-ray treatment should be limited to eases In which drainage 
ean be established, and that it should not be used in deep-seated can- 
cers, 

Apropos of this, the present author believes that substances analo- 
B0us to toxins or antitoxins are produced by exposure of a cancer to the 


i Medical Record, Juby 15, 19405. 
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c-ray; that the Shaicoees curd AEP AU of these substanees in 
doses a. Loxemic ¥Ymiptom : but that in proper Proportion 
mAawe a curative effect upon cancer. IT have mane LCS Seen mv | 
effect upon cancerous involvements which from their positin 

depth or otherw se could not have rec Tha “le nowurh raciat lonh to Orel 

ab direct eflerct. it 13 [rule ¢ TOU thi ib A CcAnCeEr which form: ‘4 at ope : 
amd fre ly dischare ne r ulcer may ea ee rly receive larger doses of the 

“ray than al malignant tumor without ulee ration. 

Perthes' has noted that the canecrous cells fuse Into © uniform pro- 
toplasmic mass with an irregular outline and that their nuclei at: ain 
lees anc less Well. Leukocy tes «and CoOnnec tive-tissue Cre oS Deel rate 
the mass; later the cancer cells are seen imprisoned and iolatedd 1 
the meshes of connective tissue and under go degeneration rik abort: 
tion. 

Elis = thin ks th: at the L-Tay pre MluceSs nec rosis of be oth the Pare nehwines 
amd the stroma of the tumor, accompanied by proliferation of elastic 
tissue and obliterative endarteritis. 

According to Schwartz. the x- ray causes a decon position of the 
lecithin, which is more abundant in rapidly growing cells, like those of 
neoplasms anal like ¢ he normal parenchymatous ct Hs of the testis, and in 
this wav has a destructive effect upon these particular cells in doses 
which do not affect other he althy tissue cells. 

The fact that serum from a part which has been strongly x-rayed 
may produce sy mptoms of an z-ray dermatitis if injected into a part of 
the same or another animal which has not been irradiated is sugrestive 
of a chemic effect. It may be that an anticancerous serum could be in- 
jected deeply into the substance of a malignant tumor and produce ; 
greater degree of benefit in the depths than the rays weakened by ab- 
sorption in passing through the superficial parts of the tumor. This 
could be done without « exposing the ‘patient himself to the z-ray. 

From the diversity of opinion among the above and many other 
authors it 1s evident that highs clo not know the exact way el whie h the 
z-ray affects the cancer cells, whether by a direct action or by an ¢lectro- 
Ivtic process. There seems to be no doubt. however. that cancer cells 
have an especial susceptibility, and that under favorable circumstances 
they May wn dergo deveneration and ab sorption without uleeration or 
destruc tion of the mass of tissue making up the tumor. 

Cases of cancer have died sudd enly quite a long time after having 
been treated with a rreat deal of benefit by the z-rav 


CARCINOMA OF THE BREAST 

Fig. 762 is of a case of carcinoma of the male breast referred to the 
author by Dr. R. W. Hall. I operated upon the oricinal growth in one 
breast, removing a tumor which the pathologie examination showed 
to be carcinoma, but with an appearance which did not indicate the 
preatest degree of malignancy. There was recurrence in the other breast 
Within a year and x- Pa¥ Lreatment was at once berun. Mild applica- 
tions were made three times a week until the deve lopment of a mild 
erythema, and then the treatment was kept up sufficiently to keep the 
skin slightly reddened. The tumor made no further headway from the 


1 act Sao Congress of the German Surgical Society, Berlin, June 6, 1003. 


7 Am. Jour. Med, Sciences, January, 143, | 
3 Rosenberger, Second Réntgen Congress, 1905. 
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time that the r-rav Was first employed, but there was no percep ible 
diminution in the size of the tumor for about nine months, ‘The 
heran to improve, and in two more months not a trace of it remained, 
The region of the original erowth Was r-rayed at the same time as the 
other, but never showed anvthin: 
but a somewhat SUSPICIOUS Appear- 
ance. lt IS OW nVe yi “ars 
cessation of treatment 
A ll 
I ig. 763 18 oO 
ferred, May 12, 
Clement, Cleveland. 
TAs lacly sixty-four Yeu! 


there has been no return of th 


upon whom the surgeon had five 


rs previously performed an 
imputation of the breast. with 
= Py pe removal Ci phe Heevoralis 
. 762—Recurrent carcinoma of the ery Sean, | pra eae 
mnmle breest ered (ra PFeCUETeCOCe fe ree and Tn axillarn Contents. 


years) by 2ras treatment. microscopic examination shows dl 
that the disease was carcimoms 
There had been a recurrence in about two years which was considered 


inoperable, anc for which z-ray treatment Was AD PIC fOr TWeIVe iit INtAs 


Fiz. 


eS ol . 1 | Lt | oa Z = _ 
163.—Inoperable recurrent carcinoma o breast held In check for three Year bs 


ot : in| . i 
] BA OE ee 


with a preat deal of benefit. Some time had passed since then, anc 


at the time she came to me there was a ceneral culrasse appearance ol 
the breast and axilla and enormous swelling of the arm. Jleasurements 





ROS TOENOTHEAAPY 


made at this time showed Aan increase of 2 inches at the wrist. 


inches in the forearm, of 2) Inches at the elbow, and of 24 inches ut ft 


a elo at the MCrcumference of corr Spordling Paris of the other an 
A fluoroscopic examination showed that there was no intrathorarie 
tumor. 

This case never showed anything resembling a toxemie reaction from 
the z-ray applications, = 

An example of the technic employed is found in the followine: 
Miller No. 13 tube, induction-coil 110-volt direct circuit. Wehnelt 
ntemupter, o amperes primary and 3 ma. secondary current, resistance 
=! Inches, radiometer No. 6, exposure five minutes at a distance of 1° 
inches from the anticathode, limited to an area 8 inches in diameter by 
at localizing shield with its 3-inch diaphrazm. The CXPOSUTES Were 
sometimes divided, so that the axilla and the breast received exposures 
like the shove Sepa ately. 

High-frequency currenis were applied to the arm, breast, axilla, and 
side of the neck from ultraviolet ray vacuum electrodes. 

Treatments were given three times a week, except for a couple of 
months in the summer, and for two years the disease was held in check 
and the patient was well and happy and attending to her usual social 
duties. The disease in the meantime seemed to have lost its malignancy, 
There remained some fulness of tissue at the anterior fold of the axilla. 
but there was no longer any ulceration, and the arm was much les 
ewollen. Then came a penod of gradually mereagimg pain in the recion 
of the other shoulder-blade. ‘There also developed a small abrasion at 
the anterior fold of the axilla that was quite painful. The great swelling 
of the arm never returned, although some swelling contmued throughout 
the entire course of the disease. Whule no local appearance of malig- 
nancy was apparent, it was evident that her general stren¢th was failing, 
and the patient died in September, 1907. ‘This was seven years after 
the operation, and for the last five years of her life z-ray treatment 
had kept her perfectly comtortable and an active member of society in 
spite of the presence of an inoperable carcmoma. There were a great 
many times when the patient forgot about the trouble, and really the 
only annoyance for months at a time was the swelling of the arm. 

Another case was referred by Dr. Bissell. The patient was about 
forty years old, and had been operated upon two years previously for 
a carcinoma of the breast, which she had concealed until it was too late 
to hope for anything like a cure. The poor lady also concealed the 
fact of a recurrence in the other breast until it formed a large ad- 
herent mass and her general condition precluded operative treatment. 
There was also recurrence in the cicatrix on the side which had been 
operated on. The patient had a very strange vasoneurosis, which at the 
first inspection of the case and before the z-ray was turned on caused 

the entire chest to become a fiery red like the most violent blushing. 
The patient kept her face covered with a thick veil, so that one could 
not see whether the deep blush suffused the face also. At subsequent 
visits this blush gradually became less marked over the chest, and finally, 
when the patient became quite accustomed to the presence of the oper- 
ator and nurse, it ceased to occur. At a subsequent period, however, 
another excellent surgeon, who was consulted in regard to a comph- 
cating pleurisy, saw a return of this vivid blush covering the entire 
ehest. Knowing that the x-ray hal hac usect the natural SU D PAST NOR 
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was that the redness he saw was the first symptom of x-ray 
from its extent and vividness the doctor thought that t] 


roine to he 


aml 


eed Wes a 


Che 
were of ti 
Chet previously {| 
first LTeALTMent was 


febrile movement, 


SOT prostration. 
tributed to a temporary 
caused bY the Hi 
ft did not oecur 
course of treat 
This pati 
well for 4 
LuUmMor in the breast 
one-half in size and 
cleatrix assuming a 
pearance. The patient's 
health was greatly improved 
Then esme a complicating 
ty - : risy, with effusion, and a rapid 
Shy “a ie E illness. which terminated fatally 
Fig. 764.—Epithelioma of the chest and It cannot be doubted that deatl 
face. Treated by another radiologist t¥oO yeas due to cancer, but the trea 
years previously. 


ls 


ment save wonderful benefit for a 
time in a desperate case. It looked at one time as I the disease 


: = - yale eee pea 
might even be arrested for years, as in the case previously described. 


Fig. 765.—Inoperable carcinoma of the breast held in check for two and a half years >) 
E-ray treatment. Case after two ve ars treatrooent. 

Fig. 764 is of a patient who consulted the author about what she 

Tégarded as an unhealed burn from z-ray treatments by another operator 
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Fig. (66.—Inoperable carcinoma of breast held in check for two and a 
gpenotherapy. Case a few weeks before death. 


i. | if = 
hinlf years by Cir ta 


ral : 4 
Fig. 767.—Recurrent and Inoperable carcinoma of breast with enormous edema 
ar Held in check for five years by z-ray treatment. 
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more than two years previously. These lesions are extren 
and very slow to heal, though in the case reterred to U sealed 
checked by the treatment. Ichthyol omt 


4 


armel tak have heen 

= = ih 1 i ige a - 
aril high-frequency CuUPrrenis applied PDOm P| | 
lee in such & caee ancl 


ra " 
= as i 


give more relief than anything ¢ 


cicatrization. ; ae Sans 
In addition to the carcinoma of the breast, this Patent NAC devel 
a flat epithelioma of the other side of the face. = 
The patient’s daughter died of carcinoma of the breast 
Prognosis.—Cancer of the breast which has been operat 
and which has recurred gives excellent results at first, b 
wrod there may come a time when the disease gets 


This may take a few months or several yes 


wT rea 4 
a > ie 


a 
| 
| i, ee Lire ih 7 
De VTOond thy 


| 
BOL ps aa ee 


rs, a5 in some of the author's 


Pig. 768.—Inoperable recurrent carcinoma of breast. Held in chee 
genotherapy. 


cases. The 2-TaV appears (Oo prevent the deve lop nent or external 
growths or ulceration, and keeps the patient comfortable and for a time 
Strong and well. The end, when it does Come, t usually trom internal 
mvolvement and often without definite symptoms. 

of the breast in old DCrSOnS Presents less unfavorable prognosis. 


RECURRENT CARCINOMA OF THE LARYNX 


_ The patient, W. H., was a man of thirty-seven years, and was re- 
ferred to the author in April, 1905, by Dr. Moore, of New Brunswick, 
N.J. The first symptoms of throat trouble developed in April, 1902. 
On April 17, 1904, he had undergone a complete excision of the larynx 
for carcinoma, and during that year had been breathing through the 
tracheotomy tube. In February. 105, however, he became unable to 
swallow any food, cither liquid or golid, in consequence of the return 
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the esopharus . gastro 


Moore, and at about thi 
Inguiry as to the pi 
a fra Lie roll WE ihe 


and «a few weeks afte 
1 | f 1 
ran Making rewular trips to mv 
= 0 ro? irish eh oe 1 I oa i] ? ~. 
a-FaV CICA tmiecn hen I first saw him there was ac 
. aT. Bl +L bs be = OE » . 7 | ae = : . = = moe . 4 7 1 
ttt Gane + resenting almost the ADPeCATANCeG OF & Dew laryns 


phe the a ‘ a : et Bee . roe 
above the tracheotomy opening, m the median line, was a disch: 


= 
t 


been perf 


sinus, from which some of the liquids, milk, ete., which he tried 
swallow escaped. The whole region was rec snl swollen, Ant Dr 
sented the typic appearance of a recurrence of carcinoma. An x-ray 
picture which is reproduced herewith (1 

the presence of the hyoid bone and the absence of all the cartilages of 


if. #690) was made, and shows 


a 
: Ll 
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Fig. 160.—Case of laryngectomy and benefit from r-mv¥ treatment for recurrent 
tarcinotia mguiring gastrotomy. Light area in front of upper vertebrae: patent pert of 
pharynx and traches. 


the larynx, and demonstrates also very prettily the obliteration of the 
trachea below the level of the hyoid bone. The patient’s weight at 
this time was 1044 pounds. 

The treatment consisted in the application once a week of the 
x-ray, allowed to shine above the front and sides of the neck. All 
of these applications were external, and followed a very distinct formula 
which the author has found successful in many cases of recurrent malig- 
nant tumors. 

The z-ray tube has a tungsten anticathode and is about 7 inches 
in diameter, and has also an accessory anode. A little side tube, con- 
necting with the main one, has means for lowering the degree of vacuum 
by sending a portion of the current through this regulator. The anti- 
cathode is a mass of copper, weighing 4 pound, with a button of tungsten 
electrically welded into the surface which faces obliquely toward the 
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eathode. Tungsten has a melting-point twice as high as that of plas 
num. With a moderate strength of current this type of tube maint 

‘+ depree of vacuum longer than most other types. ] ne metal does not 
liberate many particles of gas unless 1t becomes red hot. the deg 

of vacuum for all of these exposures Wie measured In two different 
wavs—one, by means of an apparatus for noting the resistance ot t 
tube by measuring the equivalent spark-length “at the wala} coil, and t] 
other, noting the degree of penetration of the Tay Siven out by the tut 
At the different treatments the spark length varied from 2) up to | 
inches, and for one or two treatments even i inches, while the degree 
of penet ration varied from 2 tO Or even 5 units of the Benois ri 
ometer scale. The intensity of the ray 1s considered by the author 
as a verv mmportant matter, and was measured Oy & meth Ml original 
with him. The author’s unit of intensity of the r-ray is such that |, 
Tousey will produce an erythema dose, or a Sabouraud and Noiré do=e 
or 54 Holzknecht units in fifteen minutes at 15 inches from the anti- 
cathode to the skin. 

Great intensity of the z-ray 1s analogous to great candle-power in 
an electric light and produces a photographic or therapeutic effect in a 
short time. 

The Holzknecht unit of quantity is universally recognized, and a 
knowledge of the intensity or Tousey power of the source of z-radiance 
enables one to know beforehand how lone an exposure at a given clistanc: 
will be required to produce 1 Holzknecht unit. The method ts descrilwed 
on page l0S1. Thisis a method which can be applied quickly and easily 
to test the radiance of a new tube or a new strength of current and 
adjustment of apparatus, and enables one to determine beforehand the 
Intensity of the radiance which 1s used, and in that way to decide on the 
length of exposure and the distance from the tube to the patient. !' 
affords a method of dosage of the x-ray which the author has found in- 
valuable in the treatment of cases and in deciding the safe limits of ¢x- 
posure to the x-ray when several radiographs of any one patient have 
had to be made. 

The effect of treatment was to reéstablish the ability to swallow, 
though this always remained difficult. to materially increase the man’: 
weight and strength, and to cause a great reduct ion in the cancerous 


swelling in the neck. This improvement continued for about a yes!. 
but did not save the man’s life. 


CANCER OF THE TONGUE 


(Guilleminot' reports 4 cases of carcinoma of the tongue umsuccc== 
fully treated by the x-ray. 


CANCER OF THE SHOULDER 


A case of inoperable cancer of the shoulder has been reported «1 
cured by x-ray applications.’ 


SECONDARY CARCINOMA OF THE MEDLASTINUM 
 Carcinomata of the mediastinum, secondary to cancer of the breast, 
have been treated with benefit in the dircetion of reheving symptom: 

' Congress of Electrology and Medical 
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and prolonging life. 
CAS. 

ie "s liga seth es ear teste a quality of ray anil to have the 
Se a pet fF as will produce a deep effect without undue 
imitation ol the skin. The anticathode of the 2-rav tube should he 
about Lu inches frory the Suriace sured the penctration shoule a abe 
No. " Benoist, but the proportion of snft rays reduced hy the use of a 
3mm. aluminum filter, The hencfit will probably be greater from fre- 
quently repeated mild exposures than from cingle severe ones. 
at 4 Holzknecht Lunt il usually be toured COT, " | 


Le Peon s - | : 
Piahler has published the histories ri i suinh 


A closage 
The cross-fire ct. 
tem, whereby the rays reaching the growth pass through different por- 
tions of skin each time, an especially always protecting the skin. which 
1s not in a direct path toward the or wth. acted ep ike tn the eihicars ; r 
the treatment. 


CARCINOMA OF STOMACH AND INTESTINES 

We can seldom hope ior more than a palliative effect Im cancer 
of the stomach or intestmes, but even here the treatment gives much 
relicf from pain and adds much to the patient’s strength. 

A case treated by the author, in consultation with Dr. T. M. Lloyd, 
showed temporary relief from pain and from almost complete pvlone 
obstruction. He became able to retam food and had natural move- 
ments of the bowels. He clied, however, in a few weeks from exhaus- 
tion. The disease was of long standing and of such an extent and the 
patient's condition so critical that no operation appeared justifiable, 
anc the r-rayv am. the ultraviolet ray high-frequency applications 
were made with the hope of temporary relief only. 

More recently the author has treated such cases at a somewhat earuer 
stage and with very great benefit. A screen of aluminum 3 mm. thick 
has been used and the anticathode placed at a distance of 10 inches from 
the skin. 

CARCINOMA OF THE UTERUS 

A patient was referred by Dr. toyle. she was a lacy itty rare old, 
with a very large uterine fibroid which made her look as Uf in the srk 
month of pregnancy. Carcinoma of the cervix had developed bain mee 
had undergone an operation under ether. The whole pelvis si found 
to be one solid mass of cancer, ancl so the operation was limite ils 
removal of a section la rece enouch Lo @€xXamine LY See etre a a 
pathologist reported carcinoma, and the probability : nage : 3 i . as 
the patient could live but a tev ; weeks. Treatment By dagen by 
berun, however. the pat lent having Lo come int a ae te cane Pies 
ber physician and her mother, husband, an nurse. state uecaltaes 
abundant and very offensive discharge and great pail over bi oe aS 

and lumbar regions. ‘The z-ray was applied par! IN dhehact ne Phas a ee: 
and partly through a vaginal speculum. | Che dist Aru € amici poston = 
eathode to the abdominal wall was 13 inches = wpeiess ee ; he same 
and the exposures cight minutes. Otherwise the cletal 13. The aes 
as in the case of cancer of the breast deseribed on P s fa tube oa 4 
technic was used for the vaginal applicat ions. se ee etter 
regular Miller No. 13, and localization was accomp ie) oy  arge 
the patient's buttocks and thighs with z-ray metal with : oy ee 


l American Medicine, Feb. 10, 1006. 
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enough for the speculum. (At the present writing the author makes 
vaginal applications in similar cases by the use of a localizing shield and 
one of the smallest cylinders connected with tt.) 

Vacuum electrodes from one pole of the x-ray coil were applied over 
the painful ovarian and lumbar regions at each treatment. The treat- 
ments were river three times a week, and m three month=* time the 
uterine tumor had diminished about one-half in size, the discharge anq 
odor and pain had ceased, and the patient was coming to the office alone. 
on foot, and generally carrying a box of f rult for some sick friend. After 
this time the treatment was continued occasionally by Dr. Royle, and 
the patient was active and apparently well for cight months more. 
Then she developed gastric symptoms and died in a few weeks, presum- 
ably from cancer, but without any of the pathognomonic symptoms of 
that disease. 

Other cases treated by the author and other operators show that it is 
not unusual to have marked improvement as to hemorrhage, discharge. 
pain, odor, and general strength. lt. 1s practicable even to carry such 
a patient through pregnancy and to see a healthy child born, but the 
ultimate prognosis seems to be uniformly bad. 

General Results in Carcinoma.—The preceding cases of carci- 
noma, some cured, but most treated with very great temporary benefit, 
but nevertheless dying in from six months to six years, are fair exam- 
ples of what may be expected from z-ray treatment of this disease. 


SARCOMA 


Many cases of this disease are favorably influenced by z-ray ap- 
plications and a few cases have perhaps been permanently cured. 
There is no particular form of the disease which is recognized by all 
observers as especially apt to be favorably influenced, and In no form 
is this treatment contraindicated. The general principle is the same 
as in the radiotherapy of other malignant diseases—the z-ray has a 
depressant effect upon every kind of tissue. The rapidly proliferating 
cells of neoplasms, like the normal cells of the testis and the ovary, are 
more susceptible to the influence of the x-ray than other cells. The 
x-ray is applied in doses from which the more susceptible EISSULE-CEnS 
cannot recover, but from which the neighboring sound tissue-cells 
do recover after a period of depression. Where small repeated doses are 
employed the quantity applied is such that the sound cells completely 
recover from the effect of one application before the next one 1s made, 
while the neoplastic cells, more decidedly affected, do not completely 
recover between applications and experience 8 cumulative effect. The 
operator arranges the strength and frequency of the applications with 
this end in view. eee 

Holzknecht regards sarcoma as more easily influenced than epitheli- 
oma by the z-ray. Coley, who is not a radiologist, but who has had a 
large number of cases treated by the z-ray, believes that the mixed 
toxms of erysipelas and streptococcus are of great value In sarcoma. 
Aceording to his conclusions, the antitoxic treatment, either alone or 
combined with the x-ray, gives better results than the z-ray alone. 
Most radiologists, on the other hand, employ the z-ray alone or in con- 
nection with surgical measures in the treatment of sarcoma. 

ae surgical operation should be performed at the earliest possible 
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moment after the diagnosis has been made, providing th 
he removed with a reasonable degree of completeness with 
life and without too great mutilation, 

The x-ray has been employed as & prophylactic before surgic: 
ment. The advantage to be derived 13 som what doubtful 
pared with the henefit Lo be derived sk oe | 
if the case is not a threatening one, and if the pa 
is such that preliminary constitut ional treatment 


surroundings is required, x-ray treatment may by 


‘ 
La ie a 


| Ppt. rh La 7 , ee hy 4 - | mr las 
his preparatory treatment. The benefit sought ts to reduce 
ana = L = = : a 


of the tumor and s0 make it susceptible of more complete removal, and 
especially to convert some of the lymphatic channels into fibrous cord 
= ae. - L ao fl | a : = i 5 a = EF did 
and thus reduce the lability to the formation Of metastases. TI 


Le | ‘ 
fe a 
Bek Lo a ao 7s 


preliminary applications should include a Fenerous area of tissue around 
the erowth,. and the doses had better be mild and irequentiy Pepe: 

Prophylactic applications after an Operation Aare of undoubted 

lue, and may be begun immediately alter recovery from the effect of 


a 


4 
1 bei 
ths 


the operation. lt 15 not necessary to wait for the wound to heal and the 
applications may be made through the dressings. The doses should be 
small and frequently repeated, and 

should be continued until about 7 H. 

have been applied in about : three 

weeks. Then applications of 4 or 

4 H. may be made every two weeks 

for two or three months. The 

quality of the ray, as represented by 

its degree of penctration, depends 

upon the depth at which the lesion 

iS located. No. 5 to 7 Benotst 1s cor- 

rect for the treatment of the cicatrix 

after an amputation of the breast, 

while rays No. 9 or 10 would be sunt- 

able for a case of sarcoma of the kid- 

ney. The use of a screen for soft rays nares pea ee 
is to be recommended in almost , Fi. sano car erentineniks Bult 
every case. The rays which it will sakicate death: sae 

arrest are those which would be ab- | | 
sorbed by the skin, and by cutting them out we are enabled to make more 
effective applications to the deeper tissues without injury to the skin. 


TREATMENT OF AN INOPERABLE PRIMARY OR RECURRENT caesar 
What is said under the head of Melanosarcoma and in the oe The 
paragraphs on Sarcoma oives the author's views as to prognosis. 


treatment is a little different, however, in the direction of beg more 
severe. It should be as thorough as possible without causing uleer- 
ation. Either the method of large doses of about 7 H., repeated ever} 
two or three weeks. or that of smaller doses, 1 or 2 H., every ™ ri 
or three days, may be applied. The same differences between deep mer 
superficial lesions call for differences in the degree of penetration ane 
also for differences in the distance from the anticathode to the surface 

of the body. The latter distance may be as small as desired when the 

disease is practically on the surface of the body, but the distance eae 

the anticathode to the surface of the body must be about 13 inches when 

al 
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the disease is deeply located. This is on account of the fact that th: 
intensity of the radiance diminishes as the square of the distance in- 
creases. The distance from the anticathode to the skin should, there. 
fore, be a large fraction of the distance from the anticathode to the djz- 
ease so as to make less relative difference between the two distaner- 
and less difference between the intensity at the two places. With the 
tube close to the surface the intensity at the skin may be four or «i. 
times a5 great there as at a deep-seated growth, and hence it would he 
impossible to produce sufficient effect upon a deep-seated growth with- 
out destroying the skin. This is without taking into account the far: 
that the deeper tissues receive a reduced strength of application in con- 
Seq uence of a sorption by the superficial tissucs. A localizer, such as 
the Kipperger shield, with a 4-inch diaphragm should be renerally use] 
to limit the action of the rays to the region of the disease. , 

Clopatt! reports the case of a woman, with probably maliconani 
lymphosarcoma of the anterior mediastinum, successfully treated by 
fifty applications of the z-ray. Racdiographs showed a reduction and 
finally the complete disappearance of the unnatural shadow cast by the 
growth, and there was a coincident disappearance of the dyspnea and 
other symptoms. It is not known whether the growth recurred. 

Belot and Bissériec* have treated cases of diffuse sarcoma of the skir 
and of premycozis and mycoms fungoiles by the z-ray. The last- 
named disease, although due to a germ infection, has many of the prop- 
erties of cutaneous sarcoma, and the z-ray im massive doses of 5 to 7 
Holzknecht units of rays No. 4 or 5 Benotst has effected a cure in the 
two or three cases in which it has been used. Scholtz uses even lareer 


doses, Intending to produce superficial necrosis, but this does not seem 
necessary. In the cases treated by Belot it happened that one or two 


emall regions accidentally received a larger dose than 7 H., and the et 
was less desirable than elsewhere. | 

A case of very malicnant sarcoma, involving the soft tissues at the 
angle of the jaw, recurring after two operations, disappeared under x-ray 
treatment and had not returned a vear later.? 

No doubt exists in the author's mind of the occasional permanent 
curability of sarcoma, both of the bones and soft parts, by Rontgen ray 
treatment. This is also the experience of Skinner of New Haven, Piah- 
ler of Philadelphia, and M. L. Dorn among others abroad. 


i@ct 


MELANOSARCOMA 
This disease usually responds favorably to x-ray treatment, and 

shows either an arrest of the morbid process or an almost complete 
disappearance of the visible lesions. Some cases which have been re- 
ported showed only a Very tempo rary arrest, but in most cases the benefit 
Was long cont inued. The ultimate result, it is to be feared, will be that 
the majority of cases cannot be permanently held in check. Muld, 
frequently repeated doses, without ever exciting an inflammatory 
reaction, have given good results in some cases, while a case treated 
by Bissérie, an ulcerated melanosarcoma of the nipple with axallary 
adenopathy, received an application of 9 H. of rave No. 4 oF 5, ne 
peated fifteen days later. There was an intense reaction, followed bv 

i Deutach. Med. Woch., July 20, 1905, p. 1150. 

7 Arch. d'Eleet. med. exp. et cliniq., 12. 855, 1904. 

* Piahler, New York Med. Jour., Feb. 23, 107, p. 379. 
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complete healing of the ulcer, and three months later ¢] 

only a small non-ulcerated and painless tumor of thi 

lipoma ae ae 
The milder method is generally more suitable for non-ul, 


Peet 


i pil 


Fic. 771.— Melanosarcoma of back, recurrent. Only one oF two x-ray treatmey 
. ont much effect 


comata and the severe applications for the ulcerated and more threat 


CRIME Cases. 


As in other cases of malignant disease, the apphcation should gen- 
erally be limited to the region 
immediately embracing the dis- & 
ease, Some constitutional effect 
is doubtless always produced by 
breaking down of malignant tis- 
sue under the imfluence of the 
r-ray, and the author believes 
that in many cases an antitoxic 

action is thus secured. Exten- 
sions of disease im regions not 
exposed to the z-ray or in conse- 
quence of their dee ‘p location ri- 
ceiving only a small fraction of the 
dose applied tosurfacelesionsoften 
receive marked benehit, which the 
author accounts for on the hy- 
pothesis givenabove. Casesmay 
occur in which the same profound 
effect on the blood from which so 
much benefit occurs in leukemia 
may he sought in sarcoma. It 
Tra" be cobyts nec by applications 
over the spleen and the long bones. 


The case of melanosarcoma of Fie 7732—Me Janosarcoma of the groin. Same 
the back and groin shown in Figs. patient as Fig. 77! 
771 and 772 was referred to the 


author by Dr. Elsberg. Rapid recurrence, both locally and in the 
inguinal glands, had taken place after operation. lwo x-ray applica- 
tions were made during a visit which the patient made to this city, and 





these did not produce any perceptible change in the course of the ¢ 
ease, The case is introduced merely for the purpose of describing ¢ 
author's technic. The x-ray tube was a Miller No. 13 heavy anti- 
cathode tube 6 inches in dinmeter. It was encloserd in a Ripperges 
ehield or wooden box lined with lead oxid. At a distance of 61 inche. 
from the anticathode there was an opening 6 inches in diameter, which 
was directed toward the part to be treated. The patient lay face down 
on the table, with the anticathode of the tube 13 inches from the syrfaee 
of the back; an area 5 inches in diameter was, therefore, exposed to the 
=P . A 12-inch induction-coil Whe usec! with the Li0-volt lj rect cur- 
rent and a Wehnelt interrupter, transmitting 6 ampercs of primary cur- 
rent and sending 1 ma. of secondary current through the z-ray tube, 
The rays were No. 6 Benoist and of an intensity of 7; Tousey. Each 
EXPOSure lasted three minutes, and was equivalent to 1 Holzknecht amit 
These applications were to have been made three times a week until « 
slight cutaneous reaction was established, and then reduced in strength 
or frequency so as to maintain a slight reaction. hs 

A ease of recurrent alveolar melanotic sarcoma of the neck seemed 
to be entirely cured by three months’ z-ray treatment applied after the 
second operation. The wound had failed to heal and the growth was 
rapidly extending to the entire neck. ua 


. 
E 
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MULTIPLE PIGMENTED SARCOMA 


The z-ray affords some benefit in this fatal disease and is the only 
treatment that doesso. The difference between this and melanosarcoma 
15 in the arrangement of the cells and also in the fact that the pizment 
In melanosarcoma is largely melanin, and in this disease it is mostly 
hemosiderin. It usually first develops on the hands or feet and extends 
upward to involve vital organs. 

Secondary z-Hays from Silver in the Alimentary Canal—Hernaman 
and Johnson? have found that there is a definite value to the secondary 
T-raciation from metallic silver in the slimenta ry canal for the treatment 
of malignant disease thereof. 


FLUORESCENT MEDICINES IN CONNECTION WITH X-RAY THERAPY 
Experiments by the author show that the various fluorescent media 


which have been piven internally while the patient was-exposed to 
the x-ray probably have no beneficial result, due to the luminosity 
excited. Some of them, like bisulphate of quinin, are excellent tonics 
Im themselves, and this Ls not questioned at all. but the special claim 
haz been made that these substances. circulating in the blood and in 
all the other tissues of the body, become fluorescent under the influence 
of the r-Tay and generate light in the tissues and that this light has a 
beneficial effect upon cancerous tissues. The fact that so good a man 
as Wm.J. Morton advocates this method is sufficient to make 1t worthy 
of the most careful consideration. 

The fluorescent medium recommended by Kemp for gastrodia- 
phany 15: Quinin bisulphate, gr. x, in a glass of water, to which is added 
Wiiv of dilute phosphoric acid. After this has been swallowed a glass 
of plain water is also to be taken. 

Dr. Edwin Walker, Medical Record, Nov. 8, 1902. 
* Lieberthal, New York Med. Jour., June 23, 1006. 
‘Abstract, Amer. Quarterly of Hoentgenology, March, 1912, p. 57. 
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This Elves sufficient fluorescence when an eleetoe Is 
duced into 


: the stomach to praduce a Visible luminous ares 
the SLat, SLA PMG, a POs ton of the stomach. The CA PETIMeEt 
carmed out in a dark room. 


Flin ITe=cin 1s More strongly fluorescent “and to non-teaci 
strength of ; to 4 grain to the pint (gm. 0.07 or 0.14 per IW) ar, 

Fluorescein produces a medium for gust rodiaphany when 
follows: 

Give the patient § oz. of water with 3j of glycerin. er. x. 
bicarbonate, and gr. } fluorescin. This should be prepared 
hour previously and exposed to sunlight. 

Esculin its also an excellent non-toxic fluorescent substance. 

Kither of the three media described above will become luminous 
when ordinary light shines through them. This is due to a slowing of 
the rate of vibration in the waves of light in passing through the liquid 


rr -— 
hig. Lid 


: oT 
| MUI. 


and each particle of liquid becomes in a certain sense a source of colored 
light nearer the red end of the spectrum than the light was orizinally. 
White heht, seen by transmission through such a solution, may have one 
color, while by reflection it sometimes has quite a different color. Many 
fluorescent substances are dichroic in this way. : 

A striking example of the slowing effect upon vibrations of licht by 
fluorescent substances is shown by a simple experiment: | 

The spectrum of the Cooper-Hewitt mercury vapor lamp is almost a 
pure violet, as scen in a spectroscope, but when a piece of cloth coated 
with a suitable fluorescent substance is held close to the lamp and the 
reflected lizht from the cloth is examimed, two brilliant red lines are seen 
to spring into view. 

Fluorescent substances become luminous and variously colored under 
the influence of the ultraviolet ray, which is itself of such rapid vibration 
as to be invisible. 

They also behave in the same way under the influence of radium rays, 
themselves invisible. 

They give the same phenomena under the influence of the z-ray as 
in the case of the barium platinocyanid screen, which is so univereally 
used in fluoroscopic examinations. 


NATURE OF THE RADIANCE FROM FLUORESCENT SUBSTANCES 

The author's belief that the radiance from these substances consists 
practically entirely of ordinary visible light, and not of invisible ultra- 
violet rays, 1s based partly upon the following: 

Experiment (bv the author, Feb. 28, 1908).—A Machlett z-ray tube, 
giving rays No. 7 Benoist and of an intensity of No. 14 Touscy, was 
enclosed in a Ripperger shield with a 4+-inch diaphragm in a perfectly 
dark room. A piece of Willemite, exposed directly to the radiance from 
the r-ray tube, showed the same green fluorescence that exposure to an 
ultraviolet ray lamp produces in tt. It was much less brilliant, how- 
ever, than it would have been in the latter case. Still, Willemite serves 
a5 a test for the presence of x-rays, just as it is used as a test for the rays 
from radium, none of which are those technically referred to as ultra- 
violet rays. Willemite fluoresces so brilliantly when exposed to the 
ultraviolet ray that its green coloration serves as a very delicate test 
for the presence of this radiation. Now a banum platinocyanid screen 
was placed with its fluorescent surface away from the x-ray tube. 
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The Willemite fluoresced with a green color when held in front of ti 

harium platinocyanid in a line with the z-ray. | he color disappeared 
however, when the Willemite was held = mew hat to one side of the open- 
me in the diaphragm so as to be shielded from the z-ravs, though near 


enought to the brilliantly fluorescent barium platinocyanid sereen 


receive whatever ravs emanated POET the lat ter. The result was i poate 
dirty blue coloration of the Willemite, such as it shows when the licht 
from “i wltravi let lamp has to pass th rough ordinary Flas tO re ach [t. 
and is in this way depnved of the ultraviolet ray. Interposing & piece 
of ordinary giass hetween the fluorescent screen and the Willemite dir] 
not lessen or change this ADPCArance Ln any War. 

The last part of the experiment seems to show that the radiance 
emitted by barium platinocyanid under the mfluence of the F-Tay 
does not contain the z-ray or any of the rays characteristic of radio 
active bodies, or the ultraviolet ray in sufficient amount to be demon- 
etrable by so delicate a test as Willemite. “AN 

A estrone eolution of fluorescin (er. i tO OZ. J) mM a perfectly dark 
room fluoresces brilliantly when exposed to the r-ray from a_ tube 
entirely enclosed in black paper (experiment by the author Feb. 29, 
1904). so that no visible light could reach the solution. 

The proper solution for internal administration (expermment by the 
author March 4, 1904) consists of (1) gr. } fluoreecin in 5) alcohol, 
(®) 3ss glycerini, (3) 3ss to j olive oil, (4) water, q. s. ad. 1 pint. Mix 
thorouchly at every stage. The above solution gives only a questionable 
fluorescence with the unshaded z-ray. The same solution fluoresces 
well with the light from an ultraviolet ray vacuum electrode. [his 
solution really forms a very delicate test for ultraviolet rays. Since 
it shows only a doubtful fluorescence when exposed to the x-ray, It 13 
evident that no appreciable generation of ultraviolet rays can take place 
In it when so exposed. Sa ne: 

Even if the stomach were filled with this solution In a case of cancer 
of that organ, exposure to the x-ray could produce only trivial luminosity 
in the liquid and probably no ultraviolet rays. When we consider the 
hundred or more applications of an hour each from an ult raviolet lamp 
of 1000 or more candle-power required in the treatment of lupus 
or epithelioma, it seems impossible that the feeble radiance from the 
liquid in question, acting for only a few minutes, could produce any 
efiect upon the cancer. ‘The author has given a fluorescent solution ol 
qquinin im this Way in a caseof cancerof the stomach and could not see tnat 
it modified the effect of the r-ray m any way. : | 

Another experiment by the author (March 12, 190-4) consisted im partly 
removing the vecetable matter which filled the stomach of a dead rab- 
bit and replacing it with a radio-active solution and then making oH 

radiograph showing the stomach region. The x-ray tube was enveloped 
in black paper and the room was darkened. No fluorescence oF fastro- 
diaphanous appearance was visible. The fluoroscope showed great 
translucency through the dilated stomach, and this same fact is shown 
in the radiograph. Another radiograph, made after the stomach has 
been emptied, shows a very great difference. Only a skilled anatomist 
could tell where the stomach ts. The.conclusion from this experiment & 
that a radio-active solution introduced into the stomach does not assist 
in radioseopy by any transillumination effect. Since the increased 
penetrability waz attributed to the mass of vegetable matter in the 
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stomach it is not probable that the radio-activity of the eolutinn | 


. vf. . : hue 
oe to do with making the radiograph show the stomach 
clearly. 


INFLUENCE OF THE INJECTION OF PHOTODYNAMIC SUBSTANCES INTO 
THE TISSUES BEFORE X-RAY EXPOSURES NCES INT 


A solution of eosin 1: 1000 has been injected into the tissues by Kothe | 
who has found that verruge will disappear after an exposure to the r-rav 
too short to produce anv effect upon other verruge which had not been 
injected. « Similar results were obtained in treating lupus and in experi- 
ments upon rabbits. 


RADIOTHERAPY IN INFECTIOUS DISEASES 


SPECIFIC IMMUNITY 

The development of toxemia under z-ray applications has led to the 
sugerestion by A. W. Crane? that z-ray applications might be used to 
cenerate an antitoxin in the System of a patient suffering from an infec- 
tious disease. This has not been sufficiently experimented with to know 
whether it will prove efficient. Possible advantages are that the anti- 
toxin (using the term in a broad rather than a strictly accurate sense) 
liberated is derived from the identical germs or morbid tissues which are 
present in the patient, and thus the harm which might come from an 
error in diagnosis and the use of the wrong specific antitoxin or serum 
by ordinary inoculation is avoided. The method does not at all sup- 
pose a direct bactericide action of the z-ray upon pathogenic micro- 
organisms in living patients. 


RONTGEN APPLICATIONS FOR PRODUCING STERILITY 
Men may be rendered sterile without loss of desire or ability for 
coition. The reported cases in which this has been done were given 
applications sufficient to produce decided dermatitis without ulceration 
of the scrotum. The spermatozoa were still absent six months later. 

Women may be purposely made sterile by exposure to the x-ray 
applied over the ovaries. The greater thickness of tissue to be pene- 
trated makes this require more total exposure than is the case In men. 

Ascarelli Attilio? reports the cure of a case of osteomalacia by in- 
ducing ovarian atrophy through z-ray applications. 

Gauss' regards the attempt to produce sterility by the z-ray as 
dangerous, and when he attempts to produce abortion obtains a written 
promise from the patient to have an operative abortion performed u 
the z-ray fails. This is to prevent a possible lawsuit for the birth of a 
deformed child. 

‘ Deutsch. Med. Woch., Sept. 15, 194M. 

2 Am. Jour. of Medical Sciences, March, 1908. 

§ Bolletino della Societa Lancisiana di Homa, 1906. er 
‘Quoted by A. Hamm, Therap. Monatshefte, xxvii, No. 7, July, 1915. 








RADIUM 


KADIUM is anew element, Which 18 SL Dose] to exist hu which has 
not yet been isolated. Several of its salts. especially the bre are 
and the sulphate, have been obtained In what is thought EAT haat oma 
state, and it 1s from the study of these that our knowledge of 2 face 
itself 1s derived. Sedat hc 

It 13 classified as a metal of the alikaline earths, very similar ta har 
Its atomic weight has been calculated to he about 2296 Pare ie esr 
hydrogen. It is thus one of the heaviest metale The other mara 
which are radio-active also have very hich atomic weight. The aerate 
weight of polonium 1s 234; that of uranium is 240; while that of sriverth 
which 1s radio-active from ai Th acimixture ot polonium. is 205. itr Yeo 

This very high atomic weight is thought to accounj in some wav 
for the property of radio-activity possesse! by these substances. a 

The spectrum of radium shows twelve distinctive lines. one of them 
in the ultraviolet region bemg particularly marked. Pure radium 
bromid colors the flame of a Bunsen burner carmine. 

Such small amounts of radium salts have been produced and they 
are so expensive that the efforts of the chemist have heen devoted to the 
means of obtaining them in a pure state rather than to a study of the 
various possible compounds and reactions of radium. 

The bromid is the most active salt of radium, and occurs in the form 
of small white crystals, which are very soluble m water. It is hyzgro- 
scopic, and exposed to the air will gradually absorb sufficient moisture 
to become liquefied. 

Radium chlorid has the same properties, but is not so powerfully 
radio-active. 

The sulphate and the carbonate are white powders and are insoluble 
in water. The sulphate is preferable for almost every purpose except 
for the intravenous or subcutaneous injection of a radium solution. 

None of these radium salts are destroyed or dissipated even by a 
red heat, although their radio-activity is sometimes temporarily reduced. 
Radium, therefore, is less interesting from a chemic than from a phys- 
ical standpoint. The complex phenomena known as radio-activity are 
What make radium mteresting and valuable. 


RADIO-ACTIVITY 


Radio-active substances were discovered in 1896. short ly after 
Kontgen’s discovery of the x-ray in 1895. Becquerel found that rays 
of a character somewhat similar to that of the x-ray were given off by 
the metal uranium. . 

Becquerel rays (named from their discoverer), or the rays from 
uranium, produce many of the effects of the zray. They affect a 
photographic plate, ionize gases, and this electrification is governed by 
the same laws as in the case of the tray. The Becquerel rays, how- 
ever, are reflected, refracted, and polarized in the same manner as light, 
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vegetable tissues. and the Human body. They have x er ew 

properties to those of ordinary lirht, and under favorable st et te ‘eis 
are believed to make the human body visibly luminous in on ee = 
dark ‘OOM, lt is only fair to add that many Unprejudiced observers 
have found themselves unable to perceive this luminosity. ck 

Discovery of Radium.—M. and Mme. Curie, of Paris, made a series 
of very delicate tests of the radio-activity of different specimens of ura- 
nium residue, and found that they differed very markedly in activity. 
The inference was drawn that some substance of greater radioactivity 
than that of uranium was present as an impurity. This substance. 
which, however, has not been completely isolated, is called polonium, 
from Poland, Madame Curie’s native country. 

The further investigation of radio-activity was carried on by the 
Cures, the line of investigation consisting in separating 4 mass of racdic- 
active substance into two portions by chemic »rocesses and testing the 
activity of each portion. The portion more highly radio-active is 
subjected to further chemic analysis, until finally a very small residue 
of very highly radio-act ive substance is obtained. 

It was in this way that the discovery of radium was made. In its 
purest salts, the bromid. chlorid, and sulphate, its radio-activity is 
from 1.500,000 to 2,000,000 times that of uranium. 

Metallic radium has been obtained by Mme. Curie and M. Dubierne 
through the distillation of an amalgam of mercury and radium pre- 
viously obtained by electrolysis. Its atomic weight is a fraction less 
than 226. a 

Properties of Radio-active Substances.—They give out a radiation 
and some of them rive rEg emanation, which both have peculiar proper- 
ties. Taking radium as the radio-active substance of greatest Import- 
ance, it is found that it generates heat in itself without any apparent 
chemic combination, and these are the only substances which are known 
ta produce heat in this Way without the applicat lon of any outside force. 
A specimen of radium, whether perfectly protected from the atmosphere 
or not, constantly maintains a temperature 2° or 3° €. higher than 
that of its surroundings. This heat, of course. raclintes from the radium 
im all directions, as 1t would from any other substance with a tem- 

perature hisher than its surroundings. Its evolution 12 continuous ame 
perfectly uniform, and is not accompanied by any perceptible loss of 
weight. Calculations have shown that the entire radiation of heat from 
the sun is the same that would occur from a sphere of the same size con- 
taining ] gm. of radium DHCr eubie meter (15 er. pcr Cube yard). 
This radiation of heat, however, is not the most important part of the 
peculiar property known as radio-activity. | Ue. 
Radium constantly maintains a negative electric state, and radio- 
active substances are the only ones which do become spontancously 
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eharged with electricity. It has the property of charging substances 
with negative electricity, both those which are in contact with it and 
those at a distance. It also has the property of ionizing air or other 
gases and liquids. — . ; . 

The current of electricity generated by a surface of 24 square centt- 


meters of barium chlorid containing a great deal of radium and of a 


q rao 
a q hi A nD a 
LikMIN) ooo Sapere, i his repre- 


thickness of .2 centimeter 1s about 


sents an amount of electric enerey equal to about Ti “itis wh W att 

Radium could never serve any practical purpose as a source of heat 
or electricity, the quantities of both bemg so very small in comparison 
with its cost. 

The Radiation from Radium.—This consists of three distinet 
kinds of rays—the alpha, beta, and gamma rays—which have entirely 
different properties. The diagram shi Wwe the way in which these differ- 
ent Tavs are affected bv the action of a magnet. The alpha rinnys 
deviated to only a slicht degree and away from the magnet. They are 
deflected in the same direction as the Canal Strahlen (Goldstein), or in the 
opposite direction from that m which cathode rays would be deviated, 

The beta rays are deviated in the same direction as that in which 
eathode ravs would be deviated—+t. e., toward the magnet—and are seen 
in the illustration to be brought around so as to impinge vertically upon 
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Fig. 773.—Separation of radium raya by a magnetic field. 


the plane from which they start. Some of them are more deviable 
than others and strike the plane nearer to the radium than others. — 
The gamma rays are not deviated at all under the magnetic m- 
fluence. : 
The radium in the illustration is supposed to be at the bottom of 4 
deep cylindric hole in a heavy block of lead. Practically speaking, all 
the rays would emerge as a slightly divergent bundle of perfectly straight 
Ines, but they are subjected to a sort of analysis by the selective action 
of the magnet upon the different kinds of rays that go to make up the 
whole radiation. The radium gives out this radiation in straight lines 
in every direction, but in the illustration the lead is supposed to be thick 
enough to absorb practically all the rays except those directed toware 
the opening. 
None of the alpha, beta, or gamma rays are subject to refraction oF 
reflection. : 
They all produce electric, chemic, photographic, and physiclogt 
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s. As a result of the great size of ¢ 
compared with their velocity nicl their electric charee the Dns TAs ore 
but slightly deviated by a magnet. They travel to a distance of onlv 
about 3.5 cm. or l;‘s inches through the air from the racium from which 
they radiate and they penetrate only the thinnest metallic screens. They 
are practically all absorbed by a sheet of aluminum rés OF 73— mm. 
(ss09 OF x¢5q Inch) thick, or by 4 mm. of glass, the thickness of the wall 
of the smallest glass tubes in which powerful specimens of radium are 
sold. They have great similarity to the canal rays present behind the 
cathode of an z-ray tube. Chadwick. working in Rutherford's labora- 
tory in the University of Manchester, has shown that alpha raves falling 
upon ordinary matter may produce gamma rays. Alpha rays constitute 
the greater part (64 per cent.) of the radiation from radium. 

The beta rays consist of particles of matter calculated to be about 
ree the size of a hydrogen atom, traveling at a velocity of 20,000 miles 
a second, carrying a charge of negative electricity. and being greatly 
deviated by a magnet in the same direction as the cathode rays in a 
Crookes tube. Some of the beta ravs are more deviable than others in 
consequence of differences in their velocity. <A piece of photographic 
paper laid along a line below the word magnet in the illustration would 
be affected along a band starting from the lead receptacle and extend- 
ing outward for a considerable distance. The paths of the beta rays are 
bent by the action of a magnetic field of 2500 units. so thai practically 
none of them can reach a distance of more than 70 mm. from the radium. 
They are very penetrating, but suffer a certain amount of absorption 
in passing through solid substances or the air. and those that get through 
are generally slowed. They produce a demonstrable effect at a distance 
of 2 or 3 meters or vards if not deflected by a magnet or absorbed by some 
solid screen. ‘They constitute about 24 per cent. of the radiation from 
radium. ‘They are very similar to the cathode particles in an x-ray tube 
whose impact gives rise to the Réntgen ray. _ 

Only a small part of the beta rays are of a highly penctrating char- 
acter and extend to a considerable distance through the air. They are 
arrested by thick sheets of metal. The distance at which they are 
effective is influenced partly by the absorption they undergo in passing 

through the air and partly by the fact that the intensity varies inversely 
as the square of the distance from the point from which the radiation 
takes place. 

Absorption of Beta Rays by the Air.— There are hard and soft beta 
rays, and all gradations between these, Their absorption by air is at 
the rate of approximately 1 or 2 per cent. for each centimeter traversed. 

Measurement of the Velocity of Beta Rays.—Becquerel’s original 
method places the radium in a narrow, deep lead receptacle with a linear 
orifice. Above this, at some distance, is a diaphragm with a linear orifice 
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at a right angle to the other. A magnetic field of a known strength causes 
different parts of the sheaf of beta rays to deviate more or less as evi- 
denced by the action upon a photographic film pla ced beyond. The 
deviation indicates velocities of Irom 2,04) to 130,000 miles Der second. 

The beta particles have various initial velocities, slower ones being 
the more absorbable. They all undergo a reduction In velocity in passing 
through matter. W. Wilson’ finds, for imstance, that beta rays which 
start from radium with a velocity of 2.85x10~™ (7. ¢., 10,000,000,000) 
cm. per second are slowed to 2.9910” cm. per second by passing 
through 1.5 mm. of aluminum. %? ; 

The alpha and beta rays are those which are chiefly effective thera- 
peutically for surface work, and their properties, enumerated above, 
make it desirable that the radium should be directly in contact with the 
euriace or only separated from it by the thinnest practicable covering. 

Origin of Beta and Gamma Rays.—The atom of a radio-active sul+ 
stance consists of rings of negative electrons surrounded by a positive 
charge, but in an unstable condition, akin to a velocity of rotation such 
that centrifugal force exceeds cohesion. According to Rutherford? 
there are two types of instability—the first leads to the expulsion of an 
alpha or positive particle, the second to the appearance of beta and 
gamma rays. A beta particle in escaping from the atom passes through 
the rings external to the one from which it springs, and at each ring it 
loses part of its energy In exciting one or several gamma rays. 

The Gamma Rays.—These are not deflected by a magnet, but travel 
in straight divergent lines from the point from which they radiate. They 
are highly penetrating and are not entirely arrested by 2 or 3 cm. (about 
1 inch) of lead or glass. They do not consist of material particles, but 
are of the same nature as the x-ray, and are, therefore, supposed to bea 
form of motion. Their velocity is the same as that of light. They are 
less active physiologically than the other radium rays, it being a general 
truth in regard to radiations that the effect occurs only where they are 
absorbed. ‘They form 10 per cent. of the rachation from radium. 

Some gamma ravs are more penetrating than the most penetrating 
t-rays from a Crookes tube. Oudin* says that he has seen a glass tube 
contammng .75 ¢m.of pure radium bromid in Curie’s possession bril- 
hantly ihiminate a barium platinocyanid screen through a thick sheet 
of lead. There are all degress of penetration in these camma rays. 

Interesting Theories About Radium.—Frederick Soddy'* considers 
the following as probably occurring in the evolution of the elements: 

Uranium changes into radium, radium into emanation and successive 
products, lead changes into silver, and these changes are spontaneous. 

Radio-activity and the Internal Structures of the Earth.— An exami- 

nation Or & Preat TL rocks anc minerals shows a greater AMOUNT ot 
radium than would be necessary to maintain the internal temperature 
of the earth if it contained that Proport ion all the wav throurch. There 
cannot, therefore, be the same percentage of radium below a certain 
depth. This is apropos of Rutherford’s observation that the earth con- 
tains enough radium to account for its internal heat. Rutherford ex- 
amined many rocks and minerals (R. J. Strutt). 


1 Proc. Royal Soc., 54, 1910. p. 14 
a oye) noc, 8, 1910, p. 14. 
7 Le Radium, 9, October. 107° 337 
‘ Tbhid., Sept.. 1606. sg heals 


‘Congress of the Britixh Association, 10. 
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electric current from a battery which Fig. 774—Simplest form of raanti- 
will pass across an air space introduced tative test of radio-activity. 

in the circuit (Fig. 774). 

The first method is very convenient for testing a substance i. 
raciio-activity and may serve even as a quantitative indication. The 
other method is the one adopted for the very delicate tests by which the 
radio-activity of radium is measured. A suitable arrangement of an 
elect roscope tor use in testing radio-activ:ty consists of a metal cylinder 
with two windows, covered by wire gauze to prevent currents of air, but 
allowing observation of the interior. Tne electroscope itself is formed 
of a metal rod which projects through the top of the éylinder, where it 
is surrounded by a non-conducting collar. Parallel with its lower por- 
tion there is a strip of gold leaf which is free to diverge from it. The 
arrangement for charging the electroscope is a bent rod projecting 
through another insulated opening in the top, and which is normally 
held apart from the electroscope by the action of a spring. 

A rod of amber or hard rubber is rubbed on silk or wool and touched 
to the outer end of the charging rod, which is held in contact with the 
electroscope and then released. The gold leaf becomes widely diverg- 
ent, and under ordinary circumstances would remain so for a considerable 
length of time. The substance to be tested for radio-activity is placed in 
a tray, which is now applied at the bottom of the cylinder. The air in 
the cylinder becomes a conductor in consequence of an ionizing influence 
lf the substance is radio-active. The static charge is carried by the 
air from the electroscope to the metallic wall of the cylinder and the 
gold leaf falls into contact with the vertical rod of the electroscope. 
The time that this requires furnishes a certain measure of the radio- 
activity of the substance. A telescope with a micrometer eyepiece 
may be used to measure the exact rapidity at which the gold leaf falls. 
A sereen of any kind may be introduced above the radio-active sub- 
stance, cither for the purpose of testing the effect of various screens 

upon the radio-activity of the same substance, or a5 a means of reducing 
the radio-activity of a standard substance or of the substance to be 
tested. | | 

Curie’s Electrometric Apparatus for Measuring Radio-activ- 
ity. —One pole of a storage-battery with a very constant poten tial 13 
connected with the earth. The other pole is connected with a hor- 
zontal metallic plate. Above this 15 a second honzontal plate, separated 
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from it by a small air space. This upper plate is connected with the 
earth through an electrometer and a quartz electric balance. 

: The action of the battery 
results in the lower horizontal 
plate Deine raisect to 2 rao ential 


certain number of volts. 

‘alr between the two plaice 
being a non-conductor, ne CLut- 
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LrOmeter conn ected with tl 
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racdio-active substance 


= Th) a 
1 é 
_ plate. 
+ 


LT. 
Be By Bae 
Lt. | | 

4 oi 

7 

ree | 

= | L 


ULE 
ly 


upon the lower horizontal plate 


a! 
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plates becomes a conductor of 
ClLerLricity. A comple ee ‘ah z it 


is. therefore, established from 

one pole of the battery to the 

lower plate, through the air to 

the upper plate, and through 

the electrometer and the earth 

Fig. Jio—Piffard's electroseope. This may be to the Ot her pol of the battery. 

used for testing radioactivity. The streneth of the current, as 

indicated by the electrometer, 

shows the degree to which the air has been ionized and the radio- 
activity of the substance which is beme tested. 

For exceedingly weak currents the quartz electric balance is used to 
exactly counterbalance the electromotive force of the battery and to 
prevent the passage of any Current through the electrometer. 

Electromotive force generated by thé quartz clectric balance is 
susceptible of very delicate adjustment. 

It 1s sometimes desirable to first establish a direct connection be- 
tween the upper plate and the carth, which is broken after the electric 
current has herun to flow in a uniform manner. 

Standard specimens of different radio-activity are required for 
companson, anil different screens may be used, or the specimens of 
radium may be placed at a measured distance from the two plates 
instead of directly between them. 

The static electroscope is used chiefly to test various minerals for 
radioactivity. The apparatus in Fig. 775, made by Waite and Bartlett 
Co., is designed to detect a radio-activity of ,',, that of uranium. 
Used without a magnifying glass it shows a radic-activity of jy. 

_ Current Electroscope of Zeleny.'—This is on the principle of a static 
electric pendulum. One terminal is charged to a potential of, say, 100 
volts. A swinging sheet of gold foil is attracted to it and, receiving 4 
charge, is repelled, but as it is connected with an ionizing space it loses 
its charge and is again attracted. The number of excursions per minute 
AIVeS & Measurement of the strength of the ionizing substance. 

The electrometric instrument is the one used for testing the activity 
of different specimens of radium ranging from 1000 to 1,800,000 radio- 
activity. 


* Brochure published by Akademie, Gesellechaft, Leipsig, 1911. 
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in one chamber a plate of uranium oxid is 
used as a constant source of lomization. The first part of the measure- 
ment consists In measuring the distance at which the standard speci- 
ao JE eit placed in order to exactly counterbalance the 
lomizing cilect oO} the plate of uranium oxid. Then the same test is 
made with the radium under examination. The activities of the two 
specimens of radium ‘are directly proportional to the square of the dis- 
tance at which they will produce the same effect. 

This measurement 1s based almost entirely upon the effect of garoms 
rays,and caution must be employed to detect the presence of mesothor- 
ium which might produce an equal strength of this radiation at a cheaper 
cost. This may be detected by dissolving the supposed radium salt in 
water and boiling for several hours to drive off all emanation. Exam- 
ined immediately afterward, the radiation from radium will be free from 
gamms rays, while that from mesothorium will contain them abundantly. 

A substance of very low radio-activity, like mineral waters, is tested 
by a comparison of its emanation with that from a standard solution 
containing, say, 10~” grammes of radium to the cubic centimeter. This 
solution is perfectly stable, especially if a small amount of hydrochloric 
acid 1s added. 

Radium Testing by Photographic Effect.—The author finds this ex- 
cellent for practical therapeutic work. 

The Tousey Unit of Power—T his 1s the photographic effect upon 
kodak film by 1 candle-power incandescent electric light with a carbon 
filament, and with the usual brightness or whiteness. One Tousey 

meter second is the effect produced by such a light at a distance of 1 
meter from kodak film in one second. For actual measurement a portion 
of the film may bee previously exposed to | Tousey meter second of in- 
candescent electric light, and other portions are exposed to the specimen 
of radium, employing the conditions under which it is to be used. For 
example, one of the author’s radium instruments 15 a small glass tube, 
containing approximately 20 milligrams of radium with an approxi- 
mate activity of 2,000,000. This is placed close to the kodak film, 
sensitized surface up, but the film covered by two thicknesses of black 
paper. Different portions are exposed to the radium for various num- 

' Radium normalmasse und deren Verwendung bei radicaktiven Mexungen, 
brochure published by Akademie, Cresellechaft, Liepeag, 1911. 
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bers of seconds, protecting every other part with heavy lead during each 
exposure. ‘he entire film is developed in M. Q. developer of regular 
strength, for ten minutes, in complete darkness. The portion exposed 
to the racium for 5 seconds is as dense black as the portion expose] 
to 1 Tousey meter second of incandescent electric ight. This specimen 
is of maximum power, and a contact application of the glass tuhe wil! 
produce a pronounced dermatitis after about five minutes, which natu- 
rally 1s about the time limit of its application until the period of cumu- 
lative effect, say two or three weeks, shall have elapsed. The same anec- 
men of radium, tested in an aluminum treatment tube with walle 1 
mm. thick would require longer application to equal 1 Tousey meter 
second, and could be applied for three times as long without producing an 
excessive reaction upon the skin; and since the radiation is of greater 
average penetration there would be a greater deep effect from this longer 
filtered irradiation. Lead screens are often added to secure still creater 
average penetration by arresting the beta and transmitting only the 
mamma ravs, and the safety limit and effectiveness of the application may 
be measured in the same way. 
A sheet of lead = mm. thick, and weighing an ounce to 12 square 
inches in addition to the glass tube and the aluminum treatment tube. 
increases the permissible time of exposure to 18 times that for the glass 
tube alone, or 6 times that for the glass and aluminum tubes combined. 
Analysis of the Radiation from the Author's Radium Applicator No. 4 
(20 milligrams, 2,000,000 Activity).—The bare radium salt would give 
rays in the proportion of— | 
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Enclosed in a glass tube of 0.5 mm. wall thickness, about 2 mm. di- 
ameter, all the alpha rays are absorbed in the salt and the glass walls, 
also 50 per cent. of the beta rays and 1 per cent. of the gamma ravs; this 
leaves a ratio of— 
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1M) per cent. 


and this new total is composed of only about 55 per cent. of the original 
total radiation. | 

An additional screen of aluminum, } mm. thick, cuts down the bets 
rays about 50 per cent. and the gamma rays about 1 per cent., leaving 
the following ratio: 


Alpha. -.cctb ete en nan aegeeewewéeceieess§ OO per cent. 
Beta ee ee Ee : i ee fil ENE Cent. 
0) per cont. 


100 per cent. 


‘The further addition of a lead screen, } mm. thickness, changes the 
ratio to— | 
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And 3 mm. of lead transmits practically nothing by FAMMA Tavs 
Applied to other specimens of radium, the object is first to measure the 
time of exposure required to produce 1 Tousey meter second ef ir ink 
kodak film. The radio-activity of the Specimen may he calculat: J Gat 
a comparison of the exposure it requires to produce the same effect ac the 
author's 20 milligrams of 2,000,000 radio-activity. The erythema dose 
and deep effect under different conditions as to filter may be ealeulated 
in the same way. Bes 
Radium Measurement by Sabouraud and Noire Pastilles of Barium 
Platinocyanid.—Such a specimen of pure radium salt in a class tuhe 
changes a pastille to Tint 6 in about five hours, whereas five minutes 
contact produces an extreme erythema dose. te 
Electroscope and Ionization Chamber for Measuring Radio-activity. 
—The ionization chamber (2) of brass is about 11 cm. in diameter and &2 
em. high. Through the top passes a thick amber spool Insulating ane 


: oe ae r - - , tote PLP aliale 
Fig. 776.—Electroseope and jonization chamber for measuring radio-activity (Michiels). 


supporting the electroscope ¢. The charging wire, shown separately, 1s 
passed through the hole in the amber spool and is withdrawn when the 
gold leaf is seen to diverge. Windows at opposite sides of the lomization 
chamber allow of observation through the microscope indicated by the 
dotted circle m. Screens of different materials and thickness may be 
introduced through the slit E. The stem { of the electroscope is a brass 
rod 1 mm. thick and 3 cm. long, the gold leaf having the same dimensions. 


ORIGIN AND COST OF RADIUM 
Rachum occurs in small quantities in many different minerals found 
in different parts of the world and also in the water of various mineral 
(Fr: 
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springs. For practical purposes it i extracted from pitchblende a 


heavy black mineral, looking somewhat like anthracite coal, but bre 
ing with a smooth fracture without Jagged comers or edges. One of ti 
principal deposits of pitchblende is at Joachimsthal in Bolu min. 
mineral contains uranium oxid, which is extracted from it. Thi 
at . certain Stare of this Process COnTAINS the race, of the 
mineral in quite a concentrated form, but stil] closely associat 
Fi | dozen or more other elements. 

The treatment of a ton of this resiilwe requires ? tons of 
chemicals and 50 tons of Water. The product Is about 1 gram 
of pure radium bromid, with a radio-activity of 2.000.000. 

From 500 tons of the ore (carnotite, etc.) 1 era of radium is obtair 
able, a concentration of 100,000,000 is therefore required. 

The price at which this was sold in 1909 was $80,000. ir 400,000 fran es 
or £15,500, and the price has increased 50 per cent. in 1914. as 

smaller quantities are sold at a corresponding fraction of the price 
per gram. 

The best manufacturers prepare the less powerful specimens of 
radium bromid by taking a certain percentage of pure radium bromid 
and adding the necessary amount of barium bromid. The price js a 
corresponding percentage of that of the same quantity of pure radium 
bromid. 

One decigram (13 gr.) of pure radium bromid with an activity of 
2,000,000 costs $12,000 in 1914. 

Ome decigram of radium bromid of 180.000 activity (containing. 
therefore, 10 per cent. of pure radium bromid) costs S 1°00. : 

One decigram of radium bromid of 20.000 activity costs 310. 
_ Ome gram (15 gr.) of radium bromid of a radio-activity of only 50 
(i. e., fifty times that of uranium) costs 36. 

The other radium compounds—e. g., the sulphate and the chlorid— 
are prepared in various strengths and sold at prices corresponding 
with the radio-activity of each specimen. 


VARIATIONS IN THE RADIO-ACTIVITY OF RADIUM 


The purest radium salt does not present any marked radio-activity 
when it ts first extracted from the mineral containing it. The property 
develops in a short. time if the radium salt is kept in a closed class tube 
or similar air-tight container, and its full activity is developed in three or 
four weeks. 

_ it 5 supposed that the development of radio-activity under these 
Circumstances is due to the storing up of the emanation in the radium. 
The emanation, which is to be described in detail on a subsequent page, 
is 4 Sort of vapor which arises from radium. It cannot pass through 
glass and Passes only very slowly through a capillary tube. It renders 
radio-active any substance by which it is absorbed. 

Radium which is enclosed in an air-tight container of metal, class, or 

rubber, or if covered by varnish preserves its radio-activity unchanged 
for years at ordinary temperatures, 
. Xposure to the air does not cause any great loss of radio-activity 
in the case of radium salts whirh are in the solid state, but it does occa- 
Sion a secondary loss if the radium salt is hygroscopic and absorbs 
enough moisture to be liquefied. on 








Effect of Temperature Changes.—Mme. Cur, haa ¢, 
radium loses 10 per cent. of its activity if kent at a tomrmeces.._ 


©. for an hour, but that a temperature of 400° ( for cml tens 
produces no noticeable effect. If maintained at a red heat r a 
hours 4 radium salt loses 70 or SO per cent. of its activity ge 
aCtIVItY Is recained rradually, and at the end of Bie ayers L nis 
usually even greater than it was originally. Sa 
. A red heat causes the emanation to almost completely dican 
irom a specimen of radium, and with it the property of mda ae My brine 
activity in other substances. These may be at once completely me<t,..4 
by dissolving the radium salt in water and drvine it at « 7 eats share 
120° C. The salt may then have its full property of emanai nan th 
me racio-activity nh other substances even before + hee Fall OTL, | 
its own radio-activity. 
Effect of Solution.—Dissolving a radium salt cayse= the liquid 
to become radio-active, and this radio-activity is not all at ones c eps 
trated again in the radium when the solution is evaporated. The 5 See 
dilute the solution and the longer the radium remains in sea “ahs 
greater amount of emanation 1s abstracted by the liquid and the cea 
radio-active the radium salt is found when dried. If the solution has 
been exposed to the air for a number of davs, much of the radio-activity 
of the solution is lost. After evaporation it is found that the dried salt 
is less radio-active than if the solution had been exposed to the air for 
a shorter time or had been kept in a sealed glass tube. It also takes a 
longer time for the radium salt to regain its original radio-activity. __ 
_ Radio-activity seems to be due to the storing up of the emanation. 
The emanation is not very readily yielded up to solids, liquids, or gases 
by radium in the solid state, so that in this state it accumulates up 
tO & certain Maximum, which is maintained. 
A solution of radium, on the other hand, very readily parts with its 
emanation, and, therefore, soon loses a large part of its radio-activity 
if exposed to the air. Such a solution re- 
gains its radio-activity if sealed up so that 
the emanation can no longer cscape, but 
accumulates. 
The Emanation from Radium—The 
salts of radium produce constantly and 
uniformly a gaseous substance, which has 
already been referred to as the probable 
cause of the radic-activity of these sub- 
stances and of the communication of radio- 
activity to other subtances. ae ee | 
This gas is also radio-active itself. It s Slah OGL Ere ot enone er 
accumulates in solid radium salts and sation. 
makes them hichly radio-active. It is 
liberated, especially, from solutions of these salts unless the solutions 
are kept in sealed glass tubes, and it is rapidly berated from the solid 
salts when these are kept at a red heat for about an hour. The first of 
these methods 1s the one which is used to obtain the emanation for prac- 
tical therapeutic or experimental purposes. 
Fig. 777 shows an apparatus for securing the emanation. At least 
& mg. of pure radium bromid dissolved in water is placed in a tube, FR, 
which is connected at one upturned end with an aspirating tube. There 
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| _-banét eotton in this tube at A, so that th: 

a plug of abmaratus contains only the gaseous emanatio 
ieable anal particles of the solution of cna Paine rh 3 F 
cludesa water bottle, through which the epee GE the aon | 
with moisture, the air does not callse © a. strain : Eytinne ar | 
Other parts of the apparatus -re earners ais tarated wit h the 

RB. C. and D, which may be pinabsteten of alr ature ree ta 
bee yweearved for use at any : : 

ton ant PS chows & type of apparatus for the preparation ofr 
active liquids. Une or two HIE. veel oaks Set th stibe See 
soluble, are placed in the open upturned end eee tt LK 
hottle of water. As fast as the radio-active solution is drawn off 
bottom of the lower bottle additional water enters from the upper | 


‘le. The arrangement is such that no air can enter the lower bottle. 


. 
i= 


Fig. 778.— A, Preparing mdico-active water by abeorption of the emanation from racinut 
B. preparing radim-active water by immersing pitchhblende. 


Nature of the Emanation.— Niton, or the emanation from radium. ha= 
an atomic weight, according to different authorities—Curie, Ruther- 
ford, Debierne, and others—of from 176 to 235. The theory is that a! 
atom of radium loses an atom of helium in order to produce an atom of 
emanation which, in its transformation, loses three more atoms of heliutin. 
Radium emanation is twenty times more absorbed by organic liquid: 
like gasoline, alechol, and benzene than by water. ae : 

Hehum is spontaneously produced by radium at the rate of betwee’ 
20 to 200 (probably 157) c.mm. a year per gram of radium. It is also 
produced by other substances which emit alpha rays. 

,. Ut is very certain that helium is evolved from radium, and perhap= 
this is the essential part of the emanation. Helium is a gas lighter than 
hydrogen; it occurs abundantly in the sun. but only to a very sia! 
extent upon the earth. i if the twelve characteristic lne= in the spect run 
H ms tum, tive are also common to helium. 
gs eons ie CMmanation in equilibrium with 1 gram of radium ts 
different acids and sella sneha eat, eluced by the addition © 
the ua ses of radium salt 2 sulphuric acid and barium sulphate | 
o-acive ior : = . | This 

is derived from ‘the ae maine eee eer the Ear AS 
earth, and its amount is such that rae ot thorium presen “at n 

' Danysz and Duane, Le Ray are “bie eter of the air contains : 

‘A. 5. Eve and D. Metmis adium, 9, Dec, 1012, 417. 

~ uaeintosh, Trans. Roy. Soc, Canada, 4, 1910, 7- 
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amount of emanation which would be in equilibrium with si 
gem. of radium. This is equivalent to 80% 10—" ¢uyrips 

Radium Contained in the Atlantic and Ionization of the Air Owe. the 
Ocean.—Joly has found about 1.1%10—14 em. of racdiGiy in ta ws 
sea-water. The air over the ocean receives an insignifiean: 
of gamma rays and of emanation, but, nevertheless. has been ¢, 
Various observers to have about the same condurtivity and num! 
ions as the air over the earth. Eve' regards this anomaly as « 
objection LO ft purely racdio-active theory for the norms} ionization 
stmosphere. 

Only the purest radium, thorium, and actinium salts give | 
efiective amount of emanation. Polontum and uranium do not pres 
an ¢manation. 

Induced Radio-activity.— Any substance—<olid, liquid, OF rasequs 

exposed to the direct influence of radium salts becomes itself radi, 
active, though this property is retained for only a short time. 


conditions under which this occurs make it seem that it must be an 
effect of the absorption of the emanation. 

The electric charge of the alpha rays emitted by 1 curie of emanation 
is about 90.8 electrostatic units per second. 

A radro-active solution is not the same as a4 solution of radium (or a 
radiferous solution). The latter contains radium, which is constantly 


producing emanation, and in this way it either permanently maintains 
itself In a radio-active state or constantly Induces red1o-activity In 
other substances. A radio-active solution, on the other hand. may 
be simply a solution in which radio-activity has been induced by ab- 
sorption of the emanation from radium. Its radio-activity disa ppears 
with the diffusion of this emanation. Radio-active solutions are pre- 
pared for immediate use. Radiferous substances—oil, glycerin, oint- 
ment, and medicines—on the other hand, may be kept for use at any 
time. 

The strength of a radiferous substance is conveniently stated in 
terms of the number of micrograms of pure radium bromid contamed 
in each gram of the substance. A microgram is one-millionth of a gram, 
OF yey, mulligram. 

As will be seen later, there is reason to believe that the beneficial 
activity of certain medicines is enhanced by the addition of radium. 

Other Electric Phenomena Connected with Radium.—More 
than once it has happened to Alme, Cune anced others that radium 
that has been long kept in a sealed glass tube has developed a powerful 
static charge. On breaking open such a tube a discharge has occurred 
like that of a tiny Leyden jar and the precious particles of radium have 
been scattered over the floor, A slizht electric shock is sometimes felt 
in the hngers under these circumstances. | 

Robert Abbe in such a case employed an ingenious device for locat- 
ing the particles upon the carpet. He spread a sheet of sensitized 
paper over the floor and developed it after the proper time. The 
paper showed a chart of the position of the different particles of 
radium. 

Mercanton,” in order to open a tube containing radium without 
danger of explosion, wrapped sround it a platinum wire heated by 

‘Le Radium, Feb., 1011, pe. Geb. 
‘Phys. Zcitechrift, No. 11, 1908 
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elect ricity. A tinv invisible opening Wis made ri the tube By Til need 
hy the racio-activity indice) im i neighboring piece of metal he th 
escaping emanation. A COnE 1 expeniment showed that the em: 
does not cacape im perceptible quantities from an unbroken plas 
There was mo prot rision of the glass at the point where a hole was fused 
inl it. and the experimenter heleved that inl this particular coe at all 
events, there Wht 2 partial VACUUM Instead of an Increases) Pressure 
inside the tube. 

Absorption of Radium Rays.—The Tavs Dass thre igh &% WACIUM ID 
very much the same Way as through the air. 

"The alpha rays are practically all absorbed by 7 or even 3.5 cm. of air. 

The raciation given out by at Specimen ot meee Lum enc Set] IM A sina 
glass tube produces an ionizing effect (in the PD aed La for mensun me 
radio-activity) which between 10 and 100 em. varies inversely 
square of the distance. 

Thus. in one of Mme. Curie’s experiments, the current « if saturation 
at 10, 30, 50, 60, and 100 cm. was 127, 174,69, 4.7, and 1.65. <A sheet 
of aluminum 0.01 mm. thick, placed almost in contact with a thin layer 
of thorium, transmits 38 per cent. of the original radiation. lf radium 
‘2 used. about 30 per cent. is transmitted, and from polonium or uranium, 
only 20 per cent. 

The highly penetrating rays from radium become practically non- 
absorbable after passing through several centimeters of solid substance. 
The alpha rays, on the contrary, appear to he rendered more absorbable 
after passage through even a thin metallic sereen, just as if they con- 
sisted of solid particles which lost some of their momentum. 

Absorption of Gamma Rays by Gases and Light and Heavy Sub- 
stances —G. Chadwick,! experimenting with radium rays which have 
passed through 3 mm. of lead (allowing only gamma rays to pass), finds 
that liquid air, liquid hydrogen, and liquid carbonic acid gas absorb 
about 5 per cent. of the gamma rays per centimeter of the liquid traversed. 
Water. aluminum, wood, and other light substances absorb from 45 
to 54 per cent. and lead about 9 per cent. of these rays per centimeter. 

Comparison Between the Absorbability of Beta and Gamma Rays.— 
Half the beta rays are absorbed by } mm. and 90 per cent. by 4 cm. ot 
lead. and with increasing thicknesses of lead these beta rays have about 
the same power as the gammarays. The gamma rays show 2 50 per cent. 
absorption by 12 mm.of lead, and from there on such a low rate of ab- 
sorption that some may be demonstrated to pass through even 20 cm. 
of lead. 

Generally speaking, harder gamma rays emerge than enter a metal 
with very high specific gravity, and softer with metals of very low specific 
Gravity. 

Polonium rays undergo a transformation in THASSInE through alu- 
minum which makes them less penetrating. M-. Curie found that 4 
ecreen of aluminum, 0.01 mm., and then one of brass, 0.005 mm.., thick. 
transmitted 24 times as much of the radiation as when the same screens 
were used in the other order, brass and then aluminum. 

Secondary Rays from Radium.—These are similar to those pro- 
duced by the z-rays and cathode rays from a Crookes tube. Lead, 
in particular, gives out these secondary rays in a manner corresponding 

to the fluorescence of other substances under ordinary light. The 
‘Le Kadium, 9, May, 1912, 200. 
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SScomiary TAV= fare lpes Annet enfin ne _! ; ' 
equal Lee ah are penetration than Primary rave. 
| A lead filter, arresting the alpha and the more aheorhs hI 
gives Cut Secondary rays which are absorbable a inne ne 
desirable surface effect during long application. They should | 
by 4 Covering of rubber OF sever thicknecars ot oalize. _ 

Secondary Gamma Rays.—These have the same | pet ermcorne 
wave-length as primary gamma rays. Their existence js decks. T 
by the fact that an electroscope behind a lead screen, 0.7 cm thick al 
the Presence of at per cent. More famma rays than when tha : a : xt 
screen is placed near the radium 56 cm. away from the ae Sone 
Florance’ has measured the quantity of gamma rays emerging 
sheet of lead through which primary gamma ravs emerge, but in a di. 
rection from which the original rays are excluded hv heavy keen of 
lead. Studying the properties of these secondary rays, he has c: aa Fo 
the conclusion that they are simply diffused primary gamma rav= They 
may be compared, therefore, to the ravs of white licht which niase eens 
direction from the further side of a sheet of paper held up before a oo 

Secondary gamma rays produced by beta rays have been demon- 
strated especially by J. A. Gray. : , 

Delta Rays.—These are produced by any source of alpha rays, and 
are, at least in part, secondary radiations caused by the bombardment of 
the substance itself by the alpha particles. They are slowly traveling 
electrons. - A - 

Luminous Effects of Radium Rays.—Many substances are fluor- 
escent under the influence of these rays and become visibly luminous in 
the dark as long as they are held very near the radium. Salts of barium 
are markedly fluorescent. All but the purest and most expensive 
radium salts contain a large admixture of barium salts and hence are 
luminous in the dark. Pure radium bromid is scarcely visible in the 
dark. A diamond held near 2 specimen of radium usually becomes 
luminous, and this property sometimes distinguishes the gem from 
unitations. Deviation of the beta rays by a magnetic field enables 
one to obtain distinct radiumgraphs by the gamma rays alone, the 
object bemg beyond the carrying distance of the alpha rays. A longer 
time, of course, is required. 

_ 4. part of the disturbing beta rays is absorbed by zine sulphid, and 
clearer pictures may be obtained by mixing the radium salt with a 
certain percentage of this substance. 

Racdiumeraphs of small animals do not show the bones, since the 
bones and flesh are about equally resistant to the penetrating rays. 

Influence of the Thickness of the Layer of Radium.—The amount 
of radiation is greater from a moderately thick layer of a radium salt 
than from a very thin one. The alpha rays practically all radiate from 
the surface. Those from the deeper layers are mostly absorbed by the 

superficial layers. The beta rays penetrate more abundantly from the 
deeper layers and it is owing to them that a thick layer of radium is 
somewhat more effective than a very thin one. <A laver of radium 

0.4 mm. thick gives out only about one-quarter as much radiation as a 

layer 2mm.thick. The percentage of beta rays is almost twice as great 

in the latter case. 
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(Phil Mag., 20, 1910. 
' Proc. Koy. Society, 85, 1OL1, 131. 





1144 MEDICAL ELECTRICITY AND RONTGEN RAYS 


Radium Rays Lessen the Resistance of Selenium Cell.— This effect 
ig produced more slowly than by ordinary light or by the x-ray. 


CHEMIC EFFECTS OF RADIUM RAYS 


Barium platinocyanid is gradually changed from its original apple- 
green color to a brownish yellow, and this is accompanied by a lessened 
degree of fluorescence, just a5 10 the case of exposure to the z-ray. The 
Sabouraud and Noire pastils for the dosage of the E-Tay are slowly 
discolored by radium rays. A similar effect is produced upon the test 
objects mn the Holzknecht chromoradiometer, and these are of practical 
use in standardizing the therapeutic dosage of radium radiation. 

The impact of radium rays causes a number of chemic changes 
which ordinanly require some outside influence, suchas a high tempera- 
ture. Water is decomposed into oxygen and hydrogen. Ozone js 
produced from the oxygen of the air. Oxygen and hydrogen or oxygen 
and nitrogen €ncter nto combination. The alpha ravs Are much More 
absorbable and are also much more active chemically than the beta and 
gamma rays. But in most experiments the alpha rays are arrested by 
the walls of the container. The effect is like the catalysis, by which we 
used to believe that a substance exerted a chemic action by its mere 
presence without undergoing any modification itself. 

The penetrating rays of radium cause decomposition of sodium iodid, 
and Kailan has found! that a solution of such a substance im water which 
contains the ordinary amount of oxygen absorbed from the air is much 
more rapidly decomposed than when the water has been boiled to free 
it from oxygen. 

Radium decomposes lecithin and fatty acids, and its effect upon the 
embryonic cells and upon leukocytes and upon tumor cells, all of which 
are rich in lecithin, is partly at least due to the decomposition of this sub- 
stance.* 

The emanation from radrum decomposes uric acid and other purins, 
and produces much more soluble substances. Mésernitsky? finds that 
29 gram of sodium monourate is completely decomposed in twelve 
days by 50 millicuries of emanation. 

The glass tube in which a specimen of radium is kept for a long time 
becomes somewhat browned by a molecular change. 

_ The Spinthariscope.—Crookes has devised a little instrument, con- 
sisting of a closed metal cylinder with a barium platinocyanid screen 
inside at one end and a magnifying lens at the other end. A small 
particle of radium is placed at the back of a metal disk fastened a short 
distance in front of the fluorescent screen. Ravs from the radium 
cause brilliant fluorescence in the screen. This light is seen to consist 
of thousands of scintillat ing sparks, showing the impact of successive 


alpha and beta particles upon the different ervstalline particles of the 


Fluorescent substances exposed to the emanation from radium 


become luminous. Solutions of radium-bearing salts are luminous. 
'Siteb. Akad. Wise. Wein., 120, 1911. 


_ ps Mésernitsky, Roussky, Vratch ix, 423, Nov. 20, 1910 
* Le Radium, 9,4, April, 1912 145. - | th : 
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_ RADIOGRAPHIC EFFECT OF RADIUM RAYs 

All kinds of radium rays produce an effect upon a sensitis, 
One must enclose the radium or the photographic plate 
hght-proof envels he in order to eecure the ett; Share Sy aaettg 
from that of ordinary licht from the fucreatan? Tat hoi 
ray> will Dass throuch substances opaque to ordinary lis hi 
radiographs, such as one of a coin and a key inside of a leat 
Radtumegraphs are less sharply defined than pictures hy 1 
x-ray tube and take a very much longer time. A fairly cond +. 
eraph of a metallic object at a distance of 10 cm. may be obtaine:t ; 
hours with six sealed glass tubes of phosphorescent zinc sulphid or.| 
barium and radium chlorid, activity 1000. The plate in this experi. 
ment is enclosecl in five thicknesses of black paper. sy | ecimens Rear sg 
radio-activity produee radiumgraphs in a somewhat shorter time—one 
hour at a distance of 20 cm. or one day ata distance of l meter A pure 
radium salt of 2,000,000 activity and 20 mg. produces a good radiograr 
in one or two seconds when in contact with the black paper enclosing 
the film. r 

All the rays from radium affect a photographic film, and this effect 
may be used as a measure of the activity of the substance. Two speri- 
mens, examined under the same conditions as to distribution over the 
surface of the applicator, as to the nature and thickness of the material 
separating the radium from the photographic film and as to distance, 
should produce the same photographic effect in the same length of time 
if they are of the same strength; and if two specimens tested under the 
same conditions take a different length i time to reproduce an equal 
photographic effect, we may know that their radio-activities vary in- 
versely as the times required. 

The beta ravs, like ordinary cathode 1sys, give rise to abundant 
secondary rays in passing throuch a solid substance, and these are widely 
diffused. This is the cause of the lack of distinctness in radimmegraphs. 

The salts of radium themselves lose somewhat of their pure white- 
ness in the course of time, this probably being due to an effect upon the 
traces of sodium present as an impurity. 
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THE THEORY OF FRADIO-ACTIVITY 


The radium atom uniformly generates energy in some way which we 
can only guess at, and this energy is manifested In two ways—one, 
by radiation of rays, both charged and uncharged with electricity; and 
second, by conduction, 7. e., gradual transmission to surrounding 
bodies in a raseous or liquid medium by the production of an emanation 
and induced radio-activity. ae 

Alpha rays are charged with positive electricity. 

Beta rays are cathode or negative particles freed from the radium by 
the loss of the positively charged alpha particles. _ | 

The beta rays give origin by their friction with the radium atoms 
to gamma rays, which are similar to the HLOSt penet rating kind of =u i 

The portion of a radium atom which remains after the erniscrn 
of the alpha and beta particles ts transformed into the gas known 45 

oi The eanatitn itself gives rise to induced alpha, beta, ancl gamma 
rays, and what remains is partly helium fas, W hich 1s A. stabs a a 
iving nse to no further phenomena, and partly a solid substance 
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(radium A), which causes induced radio-activity and ts transfor 
into radium RB. Successive transformations finally result ID radiunn 
which is the same as polonium, anc a final stage results in the produc 
of lead. Thortum underrorcs sTmilar transformations, the fina] «i ts 
which is bismuth. 


PHYSIOLOGIC EFFECIS OF RADIUM 


The radiation from a sealed glass tube contaming 0.2 gram of radiyp, 
of 800.000 activity carried in the pocket of a fannel shirt for six poy). 
produced an ulcer without any pain and which took over a month to }; 
This had been preceded by an erythema which developed after a (if; 
day period of incubation. This accident was @ personal expericonre , 
Becquerel. An accident of the same nature occurred to Mme. Cure: 
and M. Curie, Dr. Oudin, and M. Giesel have made experiments ynor, 
themselves and upon animals. ie 

Ten hours’ contact with radium of 5000 activity In a cutta-perches 
sac caused an erythema, followed in twenty days by ulcera talk 
four months to heal. 

Two hours’ contact with 0.5 gram of pure radium bromid, contain 
m thin celluloid, caused erythema and dermatitis with a raw weep) 
surface like that following a burn. Complete healing took three month- 
and left a smooth cicatrix hke that froma burn. ~ 

Plate 15 shows the result of an experiment upon my own forearm 
with my radium applicator No. 4 a sealed glass tube containing ahout 
2) mg. of radium of an activity of about 2,000,000. One minute pro- 
duced no visible effect: two, three, four, and five minutes produce 
a more and More pronounced redness and itching with some desqua ma- 
tion, but no blistering or ulceration. This reaction was preceded by 2 
period of incubation lasting about two weeks. 
mens, aae Powerful tube of radium enelosed ia an aluminum ist 
an Gftaea SAiiiee oe: a hiss, cov she with rubber, produces E dry redness 

moon minutes and blistering in twenty-five or thirty minutes, 2s in 
the treatment of keloid. : 
ta the mditGee ee and testing of radium exposes one’s hands 
from which F-Tay cates ae causes dermatitis of the fingers like the’ 

Bae eck ne ers suffer. 

. esson” has suffered from 
specimens of radium for a mumber of 
an attack of rhinitis deve 
desquamation. 


He classifies the met] see 
’ : Fs = ethods of ot} ,. i hie tte ites Loan oon iat 
be alfected as follows: J ply Iie rachium by which the skin ma} 
A Sin Hos 3 : 
of great Sree Application.—This may be with a specumed 
activity for atleast a left on the Surface for a few hours or one of les 
Strong but Divided A The result is an acute radiodermatitis. Be 
applied for a fer , Sek . Pplications.— 4 high derree oi racio-activity 
matory and ulcerative effect thewt produces a slightly milder inflam 
Sgle session. Bhan the same length of application 3° * 
Long and We; Sere 
radio-activities applied jApplications.—This method uses very weak 
‘Le Hadiam t ps “ong time. Besson Says that it does not lead 
Cera et hadio-activite, Grauthier-Villars, Parix. 1H 


slight bad effects after studying 
hours. After a week’s incubation 


loped with considerable pain, discharge, and 
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0 accidental ulceration, and he believes that it will be the method 
aclopted in the future. 

; Pissarefi's classification of the edeanrees of rodiodermatiis from Ap- 
plications of radium is quoted by Besson as follows: 

rorst Degree.—There is a period of incubation lasting two or three 
weeks. Then the hairs become brittle and fall out. The skin is left 
perfectly smooth and may be slightly pigmented. The hair begins to 
frow again in two months and the skin regains its normal appearance. 

Second Degree.—Thisis characterized by an erythema, pink at first, 
but later of a darker red. The tissues are infiltrated and there is some 
desquamation, but no ulceration. The epidermis ts left a little thin 
and shiny, and this sometimes remains for a long time. 

Third Degree.—There 1s an intense dark red erythema. The skin is 
thickened, and blisters form which exude serum and afterward pus. 
Some ulceration ensues which is sometimes quite painful. The hair- 
follicles are completely destroyed and the cicatrix is permanently pig- 
mented. 

Fourth Degree.—There is complete destruction of the skin with pain, 
which 1s often very severe and may radiate to a distance. A brown 
slough forms and there is a thick discharge. The slough does not 
separate easily and the ulcer ts a deep one, which is very tedious in 
healing. The cicatrix has nodular borders and 16 1s depressed and pig- 
mented. 

There is usually a period of ncubation of from eight to twenty-one 
days after the application of radmuam. The more sensitive the skin the 
more susceptible it is to radium, and diseased areas react much more 
than the sound skin. 


EFFECT ON MICRO-ORGANISMS 


The bactericidal effect is probably due to the alpha rays alone. 
Tt has been shown to act upon cultures tn vitro by Pfeiffer and Freid- 
berger (typhoid fever and cholera); by Hoffmann (staphylococcus 
and anthrax). Caspari has shown its efficiency upon tubercle bacilli 
introduced into the anterior chamber of the eye and upon diphtheria 
bacilli introduced into the museles. Injections of radio-active solutions 
prevented the infection of the animal by these inoculations. — 

The alpha rays have so little penetration that 1t may easily happen 
that only the bacteria in the superficial layers of the culture are de- 
stroved, and that the deeper layers of a culture in a test-tube are not 
affected by the radiation from radium. 

Infiltrating the culture with the emanation from radium would imn- 
duce the liberation of alpha rays, as well as others in the substance 
itself. and should destroy bacteria throughout the culture. 

Werner has shown that in cases of radiodermatitis the affected tis- 
sues are not susceptible to bacterial inoculation, and this may be due to 
induced radio-activity in the tissues. | 

Braunstein finds that bacteria cannot develop in air laden with 
radium emanation. = 

Goldberg finds that typhoid, anthrax, and colon bacilli are dest roved 
by the gaseous emanation. ! 3 a hy | i 

Dorn, Bauman, Valentiner, Kalman, and a number of others have 
found that radium rays and radium emanation are bactericidal. 





Try Fer 

The minimum CX posure to radium emanation required [Oo Mma rkedly 
affect and also to kill cultures of Bacillus prodigiosys have been Studier| 

i eg 

by Sr dione Tested in Brpen mental Pube reulosis af te Eye—Radium 
and mesothorium nidiations do not kill the bacilli, though they do have 
eome attenuating effect. They have re i citect OT the tise =. chiefly the 
blood-vessels. Ultraviolet raves have Very much more effect on the 
bacilli. ; 

Among the earliest ol Servations “are those of Askinass anc Caspari, 
reribed by Danvsz.* “A culture of Micrococeus Prodigiosus Upon agar- 
arar was mot affected In one SAPCTIMENt by exposure ty the radiation 
from a distance of 1 cm. and through a sheet of aluminum 0.10 mim. 
thick. The same radium salt, ACUVItY not State. completely arrested 
the development of a culture with which it was direct! ¥ In contact for 
from two to four hours. Cultures of a nthrax have heen destr, ver in 
the same way (Danysz). The lat ler author and Besson believe that ¢ he 
radio-activity induced in the culture by the emanation from the ra; lum 
as well as the direct radium rays Were operative in this case. 

The beneficial effect from radium applications in bacterja] diseases— 
é. g.. those observed by Tizzoni and Bongiovanni—in hydrophobia can- 
not be attributed to a direct bactericidal effect, because the tissues of 
the patient would be destroyed by any radium application powerful 
enough to arrest the dev ‘lopment of bacteria in them. 

The effect of radium upon infective micro-organisms and Infection of 
the tissues has been studied by R. Warner Two principal results follow 
from his researches: First. radium rays may dest roy bacteria in certain 
cases, and in others modify them without developing in them properties 
favorable to immunization: second, the tissue cells which are destroyed 
by theze rays are capable of producing bactericidal substances which are 
scarcely observed in ordinary autolytic processes. 


EFFECT ON PLANTS 


This varies according to the conditions of the experiment. Lilac 
and chestnut buds are hastened in their devel; pment by exposure to 
radium or radium emanation in November or December, but no per- 
ceptible effect occurs with an earlier or a later exposure.” 

Bela rays from radi um retard the germination of different grains In 
Proportion to the penetrability of their outer layer and not to their 
chemic composition." . | 

| Rac Lim emanations rreathy Increase the frowth and chlor ophyl con- 
tent in seeds and plants? ; 


Shit EFFECT OF RADIUM ON TOXINS 
Sulphate of railium, 2p micrograms per 20 c.c., left more than thirty 
Tes a Contact wi Istrovsky’s necrotuberculin reduces its activity. 
etanus SNTItOXInN was unchanged and diphtheria toxin and Koch's 
euh were only Slighthy: attenustec] 3 


ee he : 
: prschrift far Hygiene, Ixvii, 135, 1910 

Dan te and Krusins, Deut Med. Woch., August 31. 1911. 1600. 

fae (Pasteur Institete’, Comptes: Rendes, Feb. LG, TMs. 
W. ee Med. Woeh., p. 1625, Aug. 22 1005 
mul. Mag., 22, 1911. 665. 
“Ongion, Sitzunguhrift, RK... Aksasd. di. Wr isa... Vienna. 12, 1011 

chwcnre, Berlin Klin Woeh., 605. April 3, 1911 

MOT rns biologi ies ate Saint-Petershourg, +k oT, sap al, [ul l 1 





RADIO M | 1149 


EFFECT OF RADIUM 


The radiation 
TACMAtiOn destrove inf ee 

; t re Tih r a 4 i 1th ire ; ' r 

of birds, rim, the larvr of nae ts. ane! thie ep 


UPON ANIMALS 


re 
Animal ferment: | 
. =e 51 nents, Tel AS TM'nosin and mr: ———w 
anc Braunstein. have their APE ey “is or9 gre according ti be ree|| 
» Riche .. £ ae SEW INCrease 
to Hiche a lactic icrmentation 1s retarded d, 
The venom of snakes (cobra and viper) is destroved by the r 
or the emanation from raclium. why Sh ie ett 
common toad is not destroved. 


Emanations of radium do not affect the gaseous ree ratory ev 
changes, the oxygen in the arterial and venous blood rectealin ain al 
The blood-pressure is lowered by a vasomotor effect 2 am normal. 

omall animals which have died after exposure ta 


F 4) sure to radium show e 
restion of the spinal cord and its membranes wiitt ea heme on- 
= : 4 and its membranes with submeninges 

a L , i nies ! hs = 
orrhages. real hem. 


ne effect pon the eye 1s an at rophic retinitis wit 
the cornea or the other ocular media. 

There are different degrees of susceptibility. 
which causes ulceration in a guinea-pir will only 
of hair in a rabbit. : 

Danysz found that moderate applications im the case of a mouse 
produced erythema, with loss of hair and a discharging surface, but no 
general disturbance. 

_ Exposure to radium of very great activity caused convulsions, paral- 
ysis, and death in about ten days without surface lesions. The fatal 
effects are produced by the gamma rays and by the most penetrating 
part of the beta rays. This effect is analogous to that of the r-ray. 

_ The central nervous system in the smallest animals is covered by only 
thin and almost transparent bones and soft tissues, through which 
radium rays may act. 

In the human being, on the contrary, these vital organs are protected 
by tissues, through which practically none of the physiologically active 
rays of radium can penetrate. None of the resultmg nervous symp- 
toms occur in man from radium applications, although they are not so 
very unusual from exposure to the radiation from an z-ray tube. 

Young animals are much more susceptible to the fatal effect of 
radium applications. 

Heimecke has found the wall of the intestines in small animals de- 
stroyed through the intact abdlominal wall. The lymphatic glands, 
the spleen, and the thymus gland atrophy after exposures which do 
not injure the skin. Heinecke and Selden find that radimm has an 
effect like the z-ray in producing sterility nm men and women as well as in 
animals. 

Ten or fifteen minutes’ application of very active radium 15 followed 
by developmentof an acute eryt hema im twenty-four or forty-eight hours. 
No expernmments have vet been made with the alpha or beta luvs s¢pa- 
rately to ascertain their physiologic effect, but a screen of sheet lead has 
been used in applying only the gamma rays. Such a therapeutic appli- 
eation may take a number of days. . a , 

Pigmentation from Radium Rachation.—One milligram of radium 
bromid applied for two to six hours to the shaved skin of a rabbit's 

| Phisalix, C. BR. Soe, de Biol., vii, p. 366, Feb. 25, 1905 
‘Loewy and Flesch, Berlin. Klin, Woks. CO, Agoiril & DOMD, 
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ares. of decolorization surrounded by a mgmenter! zo 
leposited in the depths of the epithelial layer andl it 
an albino rabbit is used for this experimen: 


Par produces An 
The migment is + 
not deposited when 
EFFECT OF RADIUM UPON THE EYE 
It causes a sensation of licht in the eye, which may be due to fluo- 
rescence of some of the ocular media. It has been used tn mild applics 
tions for trachoma and other lesions. The reported cure of hyd 
phobia in rabbits by the application of radium to the eye is very curio 
and is important enough to be described at length. : 
According to these authors, hydrophobia virus, which has 
exposed to radium emanation for from four to thirty-six hours. chance: 
to a powerful antitoxin. A drop of this injected into a rabbit’s eve 
renders the animal immune to subdural inoculation with active hydeo. 
phobia virus. Rabbits already inoculated with hydrophobia ae : 
presenting a is 0! pears and weakness of the posterior ext ream; 
ties, Were cured, ¥ hile control animals, which were not treated. ent 
worse and died. ae 
These cases were treate - +* pd Pee : 

__ These cases were treated by the application of radium of 100,000 
activity over the bram and spinal cord. The exposures were for Se 
twelve hours the first day, five to twelve hours the second dar = if, me 
ee oe Sor of the six following davs. “eral 

Birch-Hirschfelcd? has left 20 me. ; | Soe 

ae schfeld has left 20 mg. of radium bromid in a mica en- 
: ‘ ope upon the closed eyelid of a rabbit for two to six hours. Onlv 
he beta and gamma rays could penetrate to the eye itself Siiieret nn 
a period of incubation lasting seven to sixteen days Sliver bre pon. 
junctivitis, iritis, and superficial or interstitial keratitis (infla Chai 
of the aera Te iterstitial keratitis (Inflammation 
and 1 nee wae Was Infiammation of the evelid with loss of | v- 
an ulceration. ere was oft. Fale eee so OF Na 
walls of the blood-vesz ie E often atrophy of the optic nerve. The 
decidedly affected atin: Fag but slightly affected. The retina was 

cut) ied and im the ss A at g : ie | ma oo. 
ultraviolet ray. The lesi ae Ma ay as by the z-ray, not as by the 

- . a as Ale GCS10ON Was 3 derenerative 1e. chiefv of 
ganglionic cells. The optic nerve ag one, chiefly of the 
Sar ‘Opie’ nerve atrophy was secondary to this 

here was no inflammatory chance ; ¥y Was secondary to this. 

Subjective troubles with TR in the retina or optic nerve. 
specimens of radium for to i@ eyes have been noted after studying 
tert Mum for too long a time. The evehall shai 2a 
ected by heavy n ferferpdints ~ ne. 1¢ eveball should be pro- 
the avel) ek Wy metal or leacd-glass shields whe: crand as - wes 

the eyelids in therapeutics 143 shielis when radium is applied to 

| W ichmann‘ has ma 2S ioe i ; 

by the skin and other tissues "The ents upon the absorption of radium 

radiation, minst of thi Sota né normal skin arrests two-thirds of the 

the entac ne OF tus being absorbed by the | | : 
© epidermis and bed by the derma and very little by 
' th ame the Subcutaneot a f = . senile - 
such as lupus, cancer of the brea 18 fat. Abnormal tissues in reneral, 
sorb from 50 to 100 per ce , sn t, and fibromyoma of the uterus, ab- 

‘his may very probably be bee than adjacent healthy tissues. 

of the rays upon morbid jean: cause of an apparently selective action 

iL haat : " 
quite abzorbable, a special pease The greater part of the rays being 
required to produce an ack aa of metal or other screens 1s 
2 eect upon the deep tissues without undue 


Quarterly Journal of E | 
: ’ i sas XpPetimental Physiology 1. 4 cay ch 

IS, arhiv. i. Ophtheleadec” Niforma Aledica, July, 1905, p. ae Fa Real ae 
oy 1905. He, Vol. lix, pp. 287-306: reviewed in Le Radium, Sept. 


*Deutech. | j 
bh. Med. Woch., March 29, 1906, p. 490. 
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PATHOLOGIC EFFECTS OF RADIUM 


The changes in the skin appear to be analogous to those resulting 
from the z-ray; they require a longer application, but are more intense. 

Slow degenerative changes take place in the cellular clements of 
the skin, especially the cells of the epidermis, and, to a less extent. the 
cells in the glands, blood-vessels, and muscles. Connective tissue is not 
£0 susceptible. 

There is a secondary congestion and extravasation of serum and 
leukocytes. The lesions in the blood-vessels are chiefly responsible for 
the very slow healing when ulceration occurs. 


THERAPEUTIC USES OF RADIUM 


1. The mildest applications modify the nutrition of the tissues and 
stimulate the growth of hair and the activity of the glandular elements. 
They may be useful in cases of atrophy, atony, or ulcers of the skin, and 
in ophthalmologic and gynecologic cases. | 

® A more or less destructive effect may be produced upon such 
affections as epithclioma, lupus, nevus (birth-mark), verruca (wart), 
keloid, and a variety of other localized conditions. _ ; 

Administered internally, solutions of radium modify morbid cond- 
tions of the gastro-intestinal canal and other viscera and produce a 
systemic effect. ‘The latter may act as an adjunct to other medication. 

Inhalations of air laden with the emanation from radium have 
been used for an effect upon tubercular processes In the lungs and 

aIT-passages. 
APPARATUS FOR THERAPEUTIC USE OF RADIUM 
There are two forms of apparatus for applying the radiation from 
adium. In one the radium is placed in a shallow cavity and covered 
“a a: » thin sercen of gutta-percha, Aluminum, celluloid, or mica. 
In the other the radium is mixed with a suitable waterproof varnoh and 
| i Manch. Med. Woch., June 27, 106- 
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fixed wpon the surface of the mstrument. The latter method has many 
advantages. ' 
Danne’s varnish transmits 60 per cent. of the radiation. while the 
thinnest kind of a screen transmits only 10 per cent. of the radiation, 
an even this does not include the alpha rhys. 
Radium Applicator with a Screen.—Fig. 779 shows the usual type 
of apparatus. The shallow cavity is either 5, 10, or 15 7 Mm. in diameter, 


Fig. 779.— Radium applicators: A, A-radium cell covered by mien: FT radium applicater 
to fit on = reel, 


and is said to be filled with either 0.01, 0.05, or 0.1 gram of radium. 
The activity of the latter may be from 50, 000 to 1,800,000, the cost of 
the instrument and radium vary ing accord lingly ire py S20) to S000. 

The higher activities require only a few minutes’ application, du ring 
which the patient may hold the instrument in position. The radium 1s 
LISI act with the surfac e& To be treated, separated only | 
the thin screen ok the apparatus. As it is difficult to thoro ughly is. 
infect this after use, a better plan js to stretch the thinnest kind of rub- 
ber, not nearly the thickness of paper, over the entire instrument. This 
rubber may be renewed each time 

The lower activities require long applications and the instrument had 
better be secured in position by : udhesive plaster. 


Fig. scah- -Hinged racdimim applicator. 


Apparatus with Radium Secured by Varnish.—Une type 0! 
instrument is shown in Fig. 779. The surface of a metal disk Is from 
10 to 25 mm. in diameter, and is coated with varnish containing from 
0.01 to 0.06 om. of radium of from 50,000 to 1,800,000 activity. The 
instrument and the radium cost from $25 to $5000. A little tube at the 
back of the disk serves to receive a rod acting as a handle or a cord by 
which the disk may be bound in position. The radium-coated surface 
1s usually nlacec directly EL eroniaet wit h t the part to be treatecl. lt 
may be disinfected after use by washing in u i or J per cent. sot fulton 
of pot assium per manganale; OT hydrage “Hy peroxrid or J per cent, swt unt 
bisul phite or glycerin, or I per cenf. mercury iechlorid. Ff, Xposure 0 
iormaldehyd fumes is am exc ellent method. Boiling in water for a few 
minutes does no harm, but alcohol and ether are to be icant 

An wleerated surface, W he ‘ther th alienant or not, hi: wi be 
ered with aluminum foil, rio OF yhie Mm. thick. This protects the ine 
strument from contamination and arrests only an insignificant part of 
the raciation. 

Other instruments are hike those shown in Fig. 780, where the ravcliuen 
is Yarnished upon a thin picce of metal attac shed to a long stem with 3 
joint, by means of which 1t may be adjusted in any position. This may 


r be cov- 
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be applied not only upon the surface of the body but also to n 
the mucous membranes. . 
i li hers tre metal evlinclers con ted with rmciuim-Varnish., 
be straight, curved, flexible, or jointed, for application to th: 
nom throat. ure hrs, Or Wieris. 
Narrow strips of eelluloid varnished with radium may be intro«diyeer 
into punctured wounds made in the subtance of a malignant tumor 
Radium-coated celluloid in flat surfaces or as 
bougies (Fie. 781) are chiefiy emploved by the 
author. 
Radium-coated Cloth.—This is fastened upon 
the surface to be treated in cases requiring a long 
application. It contaims 0.02 pm. of radium per 
square centimeter and of a radio-activity varying 
from 500 to 10,000. It costs from 31 to 26 per 
square centimeter. The surface 1s varnished and 
the cloth may be used any number of times. 
Glass tubes containing radium are unsatisfac- 
tory for therapeutic purposes. The glass arrests 
a very large proportion of the ravs and is liable to 
breakare. 
Protection of the Neighboring Skin.—Sheet 
lead, 1 or 2mm. thick, may be used when the ap- 
plication ts to be severe. A hole of the proper size 
allows the rays te shine directly upon the diseased 
area, but the fact that the racium is at a little dis- 
tance adds to the time of exposure. 
(rusts, scabs, pus, or other secretions should be 
removed, as well as hard portions of epidermis. 
They would all tend to absorb the most active rays 
and reduce the therapeutic effect upon tissue cells. 
Longer applications may be made upon ulcerated 
surfaces than upon unbroken skin. 


THE DOSAGE OF RADIUM RADIATION 


The quantity of a radium salt should be 1 or 2 
cg. per square centimeter. The duration of an ap- 
plication depends upon the radio-activity and 
whether there is to be one application or a series 
of them. It must also be remembered that this is 
an agent of which some specimens sold for thera- 
peutic use nay not prove to be of specified radio- 
activity. The dosage given below is intended 
merely as a general guide, to be verified by cautious 
trial of each particular specimen of radium. No 
harm aut all and only a trifling delay can result from too weak applica- 
tions, while very great suffering may follow too strong ones. 

_ 4A radio-activity of 500,000 may be applied for an hour a day for 
six oF eight days in order to produce a superficial destruction and an 
obliterating effect upon the blood-vessels in angeiomata. 

Weaker specimens would have to be applied for a correspondingly 
greater length of time and stronger specimens for a correspondingly 
shorter time. 


= ae 


Fig. *51. — Radium- 
conted cellulaid roc. 
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The intense destruction required in the ease of commencing rer 
of carcinoma of the breast, when rt 1s still quite localized, may 
tained by the application of rachum of 500,000 acti ity for an hour 
for twelve or sixteen days. [he same effect would be produced by 
application of a specimen of LOU.) racho-activity for two or three 
hours a day for twenty or thirty days; or, on the other hand, three or 
four applications of six to ten hours each with an activity of 500.000 
will produce this effect. : 3 
The mildly destructive effect required in lichen planus may he ob- 
tained by applications of a radio-activity of 500,000 for an hour each 
dav for seven days. 
Localized scaly prumgenous eczema is favorably modified withaat 
destruction of tissue by 500,000 radio-activity for two viiinasten! #HeGS 
times a week, or 100,000 racdto-activity could be applied once for half 
hour. ae 
Urethral or uterine applications of an activity of 500.000. lasting 
ten minutes and repeated three or four times, produce an alterati: 


1 
s 
i 


— a a = = r : : Pee eet 1 fe 
effect without destruction of tissue. An activity of 100,000 would 
require three Or [our applicat jams of half or HOUT eaeh. 


Applications for intercostal and other neuralgias and for herpes 
zoster may be made with an activity of 500,000, apphed for ten minutes 
at a time for four or five SUCCess ye days. } 

Dosage of Radium in Medicinal Substances for Internal Ab- 
ministration.—Each =e inh of the medicine contains 4 Measure amount 
of pure radium bromid, varying from 4 to 10 micrograms (. 1 ome 

Radium drinking-water is beneficial in gout and rheumatism and 
efiects a gradual reduction in blood-pressure. The ustial dose is 1 
microgram of radium dissolved in 1 ounce of water. This is about 
2/0) mache units. 

Radium-bearing quinin is said to be more effective than plain quinin 
in the treatment of obstinate malarial conditions. It has the reputa- 
tion of being beneficial in internal cancers. 

A pill containing radium even in this very small amount will affect 
rt I photographic plate if loft directly Lon it for twenty-four hours. 

Other medicmes to which radium is added to increase their special 
effect as well as for its own properties are mercury, arsenic, digestive 

ferments. sodium nitrite, and various medicinal waters. 

, Intravenous Injection of Solution of Radtum Salis—One millicram 
af radium intravenously calises & very rapid Fall of blood-pressure and 
50 to 100 microcy a ate ee from a single Intravenous injection oi 
chronic beahaise: bint ee | ; ae seen much effect In diabetes or 
myelitia. ‘Three weels after on co as Subacute arthritis and 
considerable radium ae ‘ill he prassenthiwattes Injection, 1f death occurs, 

Dosage of Radium <n Mixt Mw found at the bones and MmArrow. : 
mercury and mercurial ointn stn a External Application. “Oleate ol 
gram of radium per cram, Th; E may receive an admixture of 1 micro- 
the mercurial ; Der gran. 13 13 said to enhance the specific effect of 

ACTEM IUNChoOns and dressingrs, 


fi ' ] i : # 1 2 ba ? = ' ms a 
ar ‘adiamn ointment is made of lanolin or vaselin. or a mixture of both, 
has hase, zs Pinca to 10 micrograms of radium bromid per gram. It 
fp. A carcinoma epithelioma, and f he Si ae ie 
Radiferous glycerin ia v.. OMA, And for rheumatic pam 
> eyeerin 18 made by actually dissolving the radium 
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hromid, while the omtments are mechanics) mixtures ect! 


ni ) Thin 
particles of the radium «alt. 


‘The emanation 1 riven mit ver 
more freely by radium in solution. This makes the «ol: 
enective for the Se DCrCentare of radium. 


[t must. of eHijpar | 
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i 4 Sealed glass contamer when notin use. It has the same 
omitment, and 1s especially adapted for rynecoloric application. 


"i = ‘ . .! l | COl= 
EaIns trom ote cay TO) Microzrams of radium Der 2Tam. 
Radiferous water may he prepa rec’ of any st reneth, from i 


10) microrrams pergram. A strength of from 4 to 10 Microgr ‘ 


bern used as an Injection In Cancer cases. <A Strength of 
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fogs Micro- 
fram per gram may be used as a beverage and is more radio-active than 
the majority of natural mineral spring waters, 

Radium-beari Ma plain water or mineral water Preserves indefinitely 
the property of radio-activity, which in the natural radio-active sprine 

waters Is only an induced and very temporary quality. ay 

Baths of Radium-bearing Water.—Thece may he prepared 0 
greater strength than the natural radio-active spring waters and may be 
used at home as the racio-activity 1 permanent, i 

The Dosage of Radium in Terms of Holzknecht a-Ray Units. 
Exposing a Holzknecht tablet to radium of 7000 activity throuch a thin 
metal screen, 5 H. are produced by twelve hours. and 10 H. by twenty- 
four hours’ action. . 

An activity of 300,000 produces 5 H. in fifteen minutes and 10 H. 
In thirty minutes. Pure radium bromid. radio-activit ¥y 1,500,000, 
»produces > H. in five minutes and 10 H. in ten minutes. 

The total number of Holzknecht units from radium treat ments over 
any fiven area should probably not be more than 6 FH. for lupus or 10 H. 
for cancer. 

The Holzknecht measurements are useful as a general euide, but are 
to be cautiously verified. Daner and others do this by self-experimen- 
tation. The specimen of radium is applied to different parts of the fore- 
arm, and the time required for the development of the reaction and its 
severity 15 noted. 

Oudin has in his possession a specimen of radium of 1,500,000 activ- 
ity, which takes an hour to produce 3 H., but which will produce an 
erythema lastmg a month from a fifteen-minute application. 

D. D. (Danlos 7) in Le Radium. Sept. 15, 1906, reports the use of a 
1 cg. Square of copper with ] ez. of pure radim sulphate Incorporated 
inavarnish. To test the dosage he applied this to different places on 
his forearm for from five seconds to fifteen minutes. .A two-minute 

applicat lon was followed after a very variable period by a shight rect- 
dening of the skin. A ten-minute application fed to an actual ulcer, 
requiring two or three months to disappear. 

Dosage of the Emanation.—Inhalations of air Jaden with the 
emanation from radium should be prescribed with caution. Small 
animals which are allowed to breathe only air pretty well saturated with 
it die very quickly from its effects. | 

It seems to the author that the best method is that by which the 
emanation-laden air is very largely diluted with ordinary air. The 
ordinary sereen radium-applicator may be used for this purpose, remov- 
ing the protective sheet of metal, celluloid, or rubber, and ap plying a few 
drops of water to the exposed radium salt. The apparatus may be 
held within « couple of inches of the open mouth and nostrils. Only the 
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greatest radio-activities give off sufficient emanation, The other 

of apparatus for utilizing all the emanation ip. | l 1) must be weed with 
eaution. Seventy milligrams of radium supplies enough emanatior 
for the treatment of an entire roomful of people in an emanatorium. 

Inhalations of the emanation may also be made by inhaling air. 
which has to bubble through a solution of thorium nitrate, but these 
are very weak, 1 mg. of radium giving out as much emanation as 20 
pounds of thorium. : 

The curte is a quantity of emanation which is in electric equilibrium 
with 1 gram of radium. The practical unit of emanation either for 
inhalation or in solution is the microcurie or one-milhonth of a curie. 

The mache unif, formerly used, represents the electric enerey in 
volt hours multiplied by 1000. A common dose of emanation is a liter 
of water containing 600 mache units, and this may be given several times 
a day. About 2500 mache units equal 1 microcurie. The number of 
mache units in a glass of water may be directly measured by a special 
electroscope called the fontactoscope. 

Tubes of emanat lon if losimet ric) are sold. They are full of an 
completely saturated as pozsible with the emanation from pure r: 
bromuci. 

A few minutes after subcutancous injection of 5 or 10 cc. of water 
saturated with radium emanation the tissues of the entire body and even 
the breath are found to be radio-active. This extremely rapid diffusion 
does not take place in the case of oil saturated with the emanation, which, 
therefore, produces a stronger local effect. 


Experiments (by the Author February 24, et seq., 1904) with a 
Solution Exposed to the Radiation from Radium.—The solution 
was made by immersing a sealed glass tube contammeg 0.1 gm. radium, 
activity 20,000, in a glass jar containing 6 oz. normal salime solution 
(0.6 per cent. NaCl) for fourteen days. The whole was kept m a small 
Iron safe weighing 75 pounds. Tested in a variety of ways this solution 


seemed not to be radio-active. 

The solution was not luminous in the dark. | 

It was not fluorescent when exposed ba rashrht or the Cooper- 
Hewitt mercury vapor light, or the z-ray direct or shaded, or the ultra- 
violet ray. 

It did not cause fluorescence in Willemite. 

A piece of Willemite immersed in this solution glows as well as if in 
Water, and almost as well as if not in a liquid, when exposed to the 
Cooper-Hewitt light (faint green crystalline glow) or to the z-ray, 
either direct or throuch a hand or a book (white clow), or to ultra- 
violet ray vacuum electrodes (brilliant green glow), or to the Gorl ultra- 
violet ray lamp (very brilliant green glow, continuing as a white glow 
for five minutes after the light Is tured off). In the last ex nerument the 
picce of Willemite held close to the eves in the dark after the ultraviolet 
ray 15 tumed off produces the sensation of a brilliant large white light. 
The difference is that the glow is whiter when the solution is used than 
without it. 

The Jame zolution, normal saline, exposed to the radiation from 
radium in another experiment by the author (Feb. 24, 1904) was mixed 
with an equal quantity of a solution of fluorescence. gr. | to 1 pint. 
A thin iransparent rubber bag filled with this solution was laid on top 
of two silver coins, under which was a kodak photographic film in black 
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and orm nee envelopes. The a biel LIT vrgre = 


Li ah 
dark room. No photographic impression was | 
1 4 ‘ ; 


a 
nlate thouch the expermeéent lasted tighteen h 
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could be secn to fluoresce brichth When @&x poser ti , 
Experiments on the Physiologic Effect of Normal Saline —— 

tion Exposed for Two Weeks to the Radiation from Radium i, 


Dr. R. C. Kemp at the Physiologic Laborato 


lium (hey 
Physicians and Surgeons with solutions prepared by he oe 
Experiment No. 7.—March 5, 1904: ze 
A cat weichineg 2415 om. received in the back a hypoder 
of + ounce of the above solution. : 

A rabbit weighing 990 gm. received a similar injectio 
the same solution. 

Neither of these produced any local irritation, bu‘ 
temporary intestinal trouble in the cat. 

Experiment No. 2.—March 11, 10s: 

A dog weighing about 4000 em. was etherized and the mght earot: 
artery was opened and connected with a manometer which recistered the 
blood-pressure LLDOn = chart. The leit femoral Veln Was Incisedd, and aL 
first 30 cc. of the above solution was injected. A few minutes later a 
larger amount of the solution was injected. The dog was not incon- 
venienced in any way at first, and was presented at a mecting of the 
Medical Association of the Greater City of New York a few evening 
later. At that time he trotted around, wagging his tail, and apparently 
in perfect health, but he died a few days later, evidently in consequence 
of the operation, but just why it was difficult to say. 

In both the experiments described above the only symptoms at the 
time of the injection were those directly attributable to the saline solu- 
tion, such as an elevation of blood-pressure. ‘There were none appar- 
ently referable to any tadio-active property of the solution. 


cs 
i 


This consists most commonly in the application of a radmm prepara- 
tion as directly as possible to a local lesion and Jeaving it In contact [or 
minutes, hours, or days, according to the radio-activity employed and 
the extent of the tissue changes desired. The more filtering material 1s 
interposed to arrest the less penetrating rays, the longer the application 
may last and the greater is the deep effect secured. 


RADIUM IN THE TREATMENT OF LUPUS 

A radio-activity of 20,000 is applied for about twenty-four hours a nd 
causes ulceration, which heals slowly and leaves a cicatrix having 4 
natural appearance and probably completely free from lupus. This 1s 
the ulcerative method as distinguished from the dry method. 

The latter method seeks to modify the diseased area without destruc” 
tion of tissue. Radium of an activity of 200,000, 300,000, or 1,800,000 
(pure radium bromid) may be used in applications of from one or two 
to five or six minutes each day for several days. oe 

A glass tube containing 20 me. of a radium salt of 2,000,000 activity 
owned by the author can be applied five minutes only once in three weeks 
to any particular spot, but if filtered by 4 mm. of aluminum the applica- 
tion may be either three times as long or may be made once a week. 
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The results have not been so good in deep ulcerations from lupus or 
where the mucous membrane of the nose or mouth are involved. 

Radium is applied especially to the nodules left after Raontgeno- 
therapy, Finsen therapy, or other treatment, and which sare atten the 
site of recurrenecs. 


RADIUM IN THE TREATMENT OF SKIN DISEASES 

Verruca.— Young warts yield readily, but older ones mav he resijst- 
Ant even if the hormy laver Is cut AWAY. The eX DPOSUre should ba equal 
to four minutes with an activity of 1,800,000 and a weight of 10 or 20 
mg. 

Eczema.—Radium has not succeeded as well as the x-ray in eczema 
and prurngo. Itis only to be recommended for small chronic and very 
circumsenbed areas. especially about the hands and fingers, which have 
perhaps failed to respond ta the c-TAY. 
pruritus ani by two ten-mimute applications ten days ay 
radio-activity was 1,500,000, weight 25 Ing., enclosed in glass and alum 
inum, allowime 3,4, of the total radiation to reach the sk T 
fraction consisted practically entirely of gamma rays. Another m 
is to use a sheet of celluloid varnished with a reduced radio-activit: 
and separated from the skin by paraffin paper and held in place for some 
hours, or until the appearance of a slight reaction, by strips of adhesive 
plaster; recurrences are prevented in this way-. | 

Psoriasis.—As to psoriasis, radium therapy is indicated for patches 
upon the face and about the nails. 

According to Rehns, a two or three-minute applicat ion of 1,800,000 


Oucdin has cured an old es 


i a8 u 


radpo-activit Yio 3 patch of paorlasis CALISCs “eldening followed by clis~ 


it 
appearance of the spot. 
The results so far have not been gratifying in sycosis (but Blaschko 
reports 3 cures out of 6 cases), acne, impetigo, or hypertrichosis. 
Pigmentary nevi require an ulcerative effect, but ragseular nevi do 
not. An application producing a mild erythema is sufficient to cause 
the obliteration of the small blood-vessels causing this deformity. 
Alopecia does not yield to radium treatment. 
Eeloid sometimes yields excellent results and, in the author's experi- 
ence, requires strong applications, say 20 mg. of 2,000,000 activity, filtered 
through the 4. mm. glass wall of the tube (arresting all the alpha and the 
softest beta rays), and aluminum 4} mm. thick, permitting the passage 
of all the gamma rays and the hardest beta rays. The whole should be 
covered with rubber to stop the soft secondary rays. Each part of the 
Eeloid requires an application of twenty minutes or somewhat longer. 
Lichen ruber, rebellious acne rosacea, and lupus erythematosus 
sometimes yield to radium treatment. ae 
Radium Applications for Chronic Arthritis.—Chromic arthritt 
may be favorably influenced by applicat ions of an activity of 100,000 
over dificrent parts of the synovial membrane of the jomt and toe 
sheaths of the tendons. The alpha rays and the more absorbable 
of the beta mays are absorbed, by Lt sheet of rubber LC Ph. thick. The 
secondary rays which arise from this are difiuse rays of slight penectra- 
tion, and to prevent their reaching the skin an additional covering of 
thin paper is used. <A disk 6 cm. in diameter, coated with 0.10 gm. ol 
radium of 100,000 activity, is applied for two hours over cach ot four 
different. places about the joints on the same day. The same applica- 
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tions are made over other aress on the followine d 
serics of four applications is made over other areas 
dav. Two of these applications over the same are: 
a slight erythema without any bad result. Wie kha 
ehown the increased benefit derived from appli 
strength through lies ad 4 > inc h or more th ick and la 


MALIGNANT DISEASE 


Robert Abbe, of New York, has publis shes l the case of 
apparent fares ot the 3 ji LY cured! by radiim. This 1 re cube 
supposed case of truly malignant disease which has bee Th Cure 
and longer applications appear to be the best in cancer cases. 

Cc. Esdra' reports the cure of an endothelioma of the face bre 
cations of radium bromid—3 mg. were used thirty-five times, for 
averace duration of thirty to forty minutes each time. 

Epithelioma.—All forms of “benign” superficial epithelioma— 
ulcerative, papular, or exuberant—are cured by iirgarntively "mild 
applications of radium. Malignant epitheliomata, like those of the lip 
and tongue, are benefited, but so far have not been cured by radium, and 
the same 1s true of carcinoma. 

A. Blaschko* finds that there are some recurrences after “cure” of 
epithelioma by radium (one personal case). Ulcerated forms are more 
accessible than non-ulcerated, but the latter can be eured without de- 
stroving the skin (voung proliferating cells being more susce pune) ). 

Daner treated a case of recurrent epithelioma of the cheek. the side 
of the nose, and the upper eyelid by ap yplications of Scie B me 
of radium sulphate (activity 500,000) varnished on a copper plate 
25 mm. square was applied for thirty minutes to each of the three 
lobes of the growth. These ; applications were repeated three days later 
and every eight days thereafter. The subsequent applica ations were 
over different scattered nodules, which re presented Invasion around 
the growth itself. The tumor fairly melted away (in ten days), and 
healed without any scar tissue and with the loss of only a small portion 
of the tarsal cartilage. 

MecRKenzie Davidson reports 14 cures of rodent ulcer (epithelioma) 
by the application of the radiation from radium enclosed in a glass 
tube.* 

Francis H. Williams and Samuel W. Ellsworth® use a capsule con- 
taining 50) me. pure radium bromid covered with celluloid for skin 
cancer, etc. It 1s applied two to ten minutes twice a week, moving It 
about to secure uniform action. 

E. Schiff* reports 2 cases of epithelioma of the face cured by radium. 
He believes that excision should be resorted to if prompt improvement 
does not follow radium or z-ray applications. 


Radium Dosage in the Treatment of Epithelioma. Epithelioma 
requires applications equal to a single one of about ten minutes with 
pure radium bromid, activity 1,800,000, weight 10 mg. 


' Bolletino della societa Lancizian degli Ospedali di Roma, No. i, 1906. 
* Berlin. klin. Woch., Feb. 15, 1906, p. 224. 

Le Radrum, Sept. 15, 1906 

‘Le Radium, Supplement to No. of June, 1906. 

* Journal Amer. Med. Asse, Alay $1, 1913. 

‘Minch. Med. Woeh., Feb. 6, 10. 
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A Case of Recurrent Endothelioma of the Vestibule of the Vagina 
(Pig. 782).—The disease had recurred very promptly after oneraticn 


and in three weeks had regained its original size, about | ineh 7 


nna Sccondary infection had required the removal of | mphatie elancd: 
in both groins and these also had recurred. "J he author's [rentinen| 
eonsisted in the application of radium-coate;| celluloid wit} 
activity of 25,000 for from ten to twenty minutes. on 

fourteen day=, to the vulvar tumor. andl applications ft the 3 
inguinal glands. There seemed for about two months to be an 

of the progress of the disease. The vulvar tumor became flatte 

out any apparent change in breadth. Then there came a tin, " 
the tumor gradually increased in size and an irritating discha, oe | 


to flow fromits surface. During the course of treatment, which exte 
over a period of about four months, there was no material extensi, 


nT age 


Fig. 752.—Endothelioma of the vulva. Treatment by radium and the s-ray did not 
effect a cure. 


the inguinal enlargement, but the patient’s general condition gradually 
became worse. She abandoned treatment then for the purpose of seek- 
ing the benefit of country air and a vacation from her duties as a schoo! 
principal and died in a couple of months. The case was referred to the 
author by Dr. Hoag. 

A Case of Disseminated Carcinoma of the Breasts and Axill Treated 
by Radium. The man shown in Plate 16 was referred to the author by 

r. Beder. The right mammary gland and nipple had ulcerated away 
and there was another uleer below that region. Goth were adherent 
and covered with a red parchment-like epidermis, and were surrounded 
by an indurated margin projecting 4 inch above the level of the skin. 
Glandular masses larger than a hickory nut but smiller than a hen’s 
Ee Were present in both axille and were widely scattered over the front 
of the chest. On the right side of the chest the skin over many of these 
Was red, and they were evidently in a way to break down into ulcers. 








mA DTT MM 


| ‘emaller, white, and exter cleel {1 

nipple in a cord-hke mass up into the asoils. The disense hac) hee 
Several vVears’ duration: no operntion even for removal of 
epecimen had been permitted 


On the left side the nodules wer 


i Microscopy 

; . There was no history af = philis whith 
two careful Wassermann examinations were negative. Phe. clinical 
ciaen 1S | “Lil always ‘cLui Carcinoma. Anil if ab It Wes evidently ni ar 
Li the cass of epithelioma i icatrizans, which Are sometimes acti ive for LL 
long as eight vears before causing death. My patient had lost weight 
and strength, the skin was andaherent to the chest wall, ancl the use of the 
right arm was interfered with. 

2,000,000 activity in a sealed glass tube 4, mm. in thickness, enclosed 
in aluminum 3 mm. thick and in thin, soft rubber. Treatments were 
three times a week for a month and after that once a week. At each 
treatment several individual nodules or parts of the nodular borders nt 
the ulcers received an application equal to a total of fifteen minutes in 
each place. During the first month every growth on the right side had 
been treated in this way,and also the fioor of the ulcers, but the left side 
had not been treated. At the end of this time all the nodular masses On 
the right side were perfectly flat, the cicatrized uleers were no longer 
adherent, but could be raised and bent double. The arm could be raised 
to the greatest extent. The patient felt stronger and had eained 5 pounds 
in weight. The left side, untreated, showed marked improvement, 
strengthening the author's belief that the application of the x-ray and 
radium rays to cancer develops some antibody, which is carried through - 
the system and in proper dosage produces benefit to cancer foci beyond 
the effective reach of the direct rays themselves. 

Treatment was begun upon the left side, and the subsequent course 

of the case has been one of steady progress. 

For a cancer of the Jaw in a delicate old gentleman with heart disease. 

an entirely unfit subject for resection of the jaw, two applications of a 
tube of radium placed right in the broken-down cavity in the jaw-bone 
will efiect a symptomatic cure. The glass tube, containing 20 mg. of 
2,000,000 activity, should be enclosed in an aluminum treatment tube. 
and this may be applied for a total of from twenty to forty minutes, de- 
pending upon the destruction of tissue which is considered desirable, in 
addition to the specific effect of the famma rays upon living cancerous 
tissues which are to be converted into living healthy tissues. If no 
destruction of tissue is desirable, a lead filter may be added and a soft 
rubber covering, and the length of time or the quantity of radium greatly 
Increased. 

Fungating epitheliomata are usually treated by Wickham! by direct 
contact, except for a thin rubber covering, with a flat disk varnish ap- 
plicator, 1 inch in diameter, containing 10 mg. of pure radium salt with 
a certain amount of barium and other impurities: its radiation consists 
of 90 per cent. beta and 10 per cent. gamma rays. This is applied for 
an hour at a time every third day until about thirteen applications have 
been made. Stronger radium mstruments, like glass tubes containing 
4) or more milligrams of the pure radium salts, are effective with shorter 
applications, and, of course, weaker instruments require longer applica- 
tions; but in any case the destruction of fungating epithelioma makes 

'Wickham and Degrais, Hadiumtherapy, English Edition, published by Funk & 
Wagnalls, New York, 1910, an cpoch-making work, 


treatment was by contact applications of 20 mg. of radium of 
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an unfiltered dagtag eae ee The destruction is a molecular one, 
«wwinanicd by sloughing. 

“ toc. uleer ol the side of the nose which hac not healed 
Sermnanently | by z-ray or cautery was { reated by Wickham \ 4 an 
apparatus varnished with 10 mg. of pure radium salt, covered with pis 
mm. of aluminum and 1 em. (75 uch) ot cotton-wool as filters. Seven 
applications of one hour each, spread Over i Lor nicht, were iollowed Ov 
gradual closing up and healing of the ulcer without any inflammatory 
reaction. The cure is apparently permanent. 

Small ulcerati sah eesti fit 
Wickham with 7} mg. of pure radium salt without any metallic hlter. 
Five applications of forty-fve minutes each were mace in the course of 
seventeen days. Decided reaction followed, with the development orf 
4 crust which, where it CAme AW, loft a pertect ly SOU SUACE ADDPA- 
rently permanently eured. mae ey? | 

Papillomata and senile warts are easily cured by a single strong 
application of unfiltered radium Pav. hire Pa 3 

Carcinoma of the face with extensive swelling and ulceration was 
greatly improved by Wickham under applications of 60 rte. of pure 
radium salt through a lead filter 2 mm. thick for seventy-two hours 
over the center of the mass, and lo mg. through the same thickness of 
lead over all other parts of the growth for fifty-two hours each. | 

Epithelioma of the parotid region was successfully treated by Wick- 
ham. using a cross-fire method by surface applications of four Loo eesean 
containing 25, 25, 10, and 7} mg. respectively, filtered by or 2 mm. of 
lead, at different parts of the periphery all night for a fortnight and 
changing to other parts of the skin each night. Besides this an unfiltered 
application of 50 mg. was made over the ulcerated center of the ere wh on 
for three hours altogether; and, in addition, a radium tube of 10 or 20 
mg. of the pure salt screened by 1 or 2mm. of lead and giving only highly 
penetrating rays, was inserted into the substance of the growth for be 
periods of twenty-four hours each. The growth broke down anc 
sloughed out through the ulcerated place, and its base became mov able, 
whereas it had formerly been adherent. ites | 

Cancer of the Breast.— Wickham’s experience shows that it 1s better 
not to expose the lung to too much radium rays, but to use # cross-1 ah 
method. Even when the skin is red and looks like an abscess the effect 
of radium may be obtained without ulceration by a cross-fre method 
with 2 mm. or more of lead and long applications of strong specumer- 

Wickham's use of radium in cancer of the breast is conlined fo the 
following cases: 

1. “When the paticnt firmly refuses an operation. 

2. “When the surgeon considers the case inoperable. ae 

3. “After complete surgical removal if there are enough very power- 
ful radium instruments to cover a large extent of the surface; otherwise, 
the z-ray is more effective. Sometimes in a young patient ae 
mutilation by the loss of the breast, the surgeon may remove the ho 2 
subpectoral and axillary chain and the breast itself be treated by 
radium.” 

Applications of very powerful specimens of radium have been re 
ported by Cameron of Pittsburgh. He saw very great temporir) se 
provement in a case of cancer of the rectum from applications eq 
to 200 mg. of radium screened by 1 mm. of lead, and great reaction, fol- 


ng and crust-forming epifhelioma has been treated by 
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lower hy Improvement after cight treatments of an hour e 

af cancer of the lArVTN, | . 
He has observed the same toxie condition noted from 

trons ion Isree CAMCCrouU : 


" 3 Mass, anc it is sometimes even fata! C., 
i if i i i | 1 mp! i ie “ r i a ; 
must, therefore, be USC regarding too long or too atrone anni 
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RADIUM FUNCTURE FOR CARCINOMA 


Celluloid nee les ie. mated with radium of VATLOUS raclio-act vit = 

be inserted into the substance of a tumor, and will cause sloug! ing of 
the Tissues, =O that the tumor may be extruded en masse. ee lie. 
aCHIVITY of “5 (AM) requires to he left in plas e for two to four davs a ’ a 
aes sloughs out a few days later. Str mger pre] arations may be used 
with | correspondingly shorter CXPOSulre. Cancer-cells are more ‘ % 
ceptible than normal! cells to the influence of radium. which. Shicrntevin 
may be considered to exert a specific action. This, however. doc ‘ : an 
extend much more than 4 inch from the radium-coated surface and 
it seems doubtful whether treatment by radium is any less likely to 
be followed by recurrence than surcical treatments. A large tumor val 
instance, of the breast, would have to be punctured in a ntimbes of 
different places, and this would require a general anesthetic. 


THERAPEUTIC USE OF NORMAL SALINE SOLUTION EXPOSED FOR TWO 
WEEKS TO THE RADIATION FROM RADIUM 


A case in which the author employed this solution was that of a young 
woman who was seen in consultation with Dr. R. W. Hall. She was 
suffering from pyemia resulting from an abortion. There were abscesses 
about the hip and other large joints and a very hich temperature. The 
treatment recommended consisted in cureting the uterus and adminis- 
tering an ounce of the radiated normal saline solution by hypodermic 
Injection in the back. An immediate fall of temperature took place, and 
from that moment the patient began to improve, and though one or two 
more abscesses developed, they were not of a serious character and the 
patient was soon entirely well. The case is not regarded as demonstrat- 
ing a therapeutic effect from the solution, but it may have been of bene- 
fit in connection with the surgical removal of the source of infection. 


RADIUM IN EYE DISEASES 


Cohn and others have found radium the best means of treatmg 
trachoma, conjunctivitis, and catarrhal folliculitis. A glass tube con- 
taining radium, or a small metal ball on the surface of which radium ts 
varnished, may be rubbed over the affected mucous membrane for a 
few minutes. 

E. Jacoby" has treated & cases of trachoma and 3 of follicular con- 
junctivitis with radium. Several series of four to eight applications of 
fifteen minutes each were made with 2 mg. of radium in a glass tube. 
He does not report as good results as those obtained from surgical 
treatment and bs ee applications, but it is to be noted that his technic 
differs from that which is employed by the numerous other ophthal- 
mologists, who report almost a specific action. 

i Deutach, Med. Woeh., Jan. 11, 1006, 





1164 MEDICAL ELECTRICITY AND RONTGEN RATS 


RADIUM IN NERVOUS DISEASES 


Rehne shows that exposure bo radium tends to bring abo 


of sensation in the anestheti Peas in locomotor ataxia 

fimmern and Raymond call attention to the relief of 1 
pains in the same disease. | . | 

Abbe reports a case of exophthalmic goiter reduced 
making & punctured wound in the thyroid Fiancd ane int 
tube contaming 0.10 em. of a racdio-act iwity of 300.000). 

Danner has cured 4 Case ol supra-orbital anesthesia 
by two applications of radium. There is a beneficial eff: 
lytic and painful conditions of the nerves, and also upon 
states Which acc TopaAn convulsions or epileptiform atiac 

A case of tic douloureux which was treated unsuccessfully by 
applications of radium and of the z-ray, and which recurred after a 
recection of the inferior dental nerve, was treated by the author with 
encouraging results. The r-ray was apphed to prevent the regeneration 
of the excised portion of nerve. 

Capriati reports the cure of a case of facial neuralgia by applications 
of radium. 

TONIC EFFECT UPON THE HEART 


This has been observed by Tonta (Congress of Radiology, Milan, 
1906). 

Ionic Radium Treatment.—Radium is carried into the tissues by 
an electric current, regardless of the blood-current, quite deeply, and may 
remain fixed in the muscle or bone sufficiently to have a therapeutic 
efiect.! 

Radium ions passed through the tissues by electrolysis produced no 
effects appreciable six or eight weeks after the last 1onization.* 

Radio-active waters are carried into the tissues by the constant 
current.’ 

SUBSTITUTES FOR RADIUM 
_ Uranium and thorium are not successful substitutes for radium even 
in larger quantities, to correspond with their weaker radic-activity. 

Mesothorium is an extremely valuable substitute for radium. It 
was discovered by Hahn asa transformation product of thorium, and is 
(4. D. 1914) not at all in the state of purity attained by radium. The 
mesothorium now in use therapeutically consists of a large amount of 
inert matter, about 24 per cent. of radium, and less than 1 per cent. 
pure mesothorium. Not being able to isolate the latter, its properties 
remaim somewhat uncertain, but it is calculated that pure mesothonum 
is 300 times as active as pure radium and that it loses 50 per cent. in 


five and a half years, while radium takes 1800 years to undergo an equal 
disintegration. 

| The mesothorium in use costs about two-thirds as much as a pure 
radium salt and requires a somewhat larger dose. Tested with an 
electroscope it shows an equal amount of gamma rays and ean be dis- 
tinguished from rai by the method on page 1154. In actual treat- 


Haret, Danne, and Jaboin, C. R. Acad. des Sciences. clii, S00. March 20, 1911, 
“a H. Dominia, Es Haret, ard JA. Jabom, CC. RK. de la Societe de Biologie, box, Gl, 
March, 1011. 


* Fabre, A. Zimmern, and G. Fabre, C, R. Acad. des Scienoe, 708, March 20, 1011 
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ment it is found to be more active superficially anc [omewhat loc 
through a great thickness of tissue. 

Kronig¢ and Causes have made extensive use Of tt in the tr atment . 
uterine cancer and fibroma. In both these conditions it hac biden “eres 
plied inside the uterus ec mbined with the =-Fay directed through the 
abdominal wall, the perineum, and the back. to S€CUre a erogs-fire 
Their success has been almost invariable in fibromyomata and has been 
rood in cancer in an early and operable stage. At this stare the Fadin- 
tion treatment, preceding an operation to obliterate the lymphatic ancl 
blood-channels, offers the best chance for a permanent cure. The ex. 
tensively disseminated inoperable cases are materially helped, but 
permanent cure is seldom to be expected. One requires for this Work 
from 20 to 80 mg. of mesothorium ina glass tube, with a filter of Aluminun 
and lead or gold and an outer covering of rubber or cotton. to arrest 


secondary rays. 
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Skin, Genito- Urinary, 
Chemistry, Eye, Ear, Nose, 
and Throat, and Dental 


W. B. SAUNDERS COMPANY 
WEST WASHINGTON SQUARE PHILADELPHIA 
9, HENRIETTA STREET, COVENT GARDEN, LONDON 


Davis’ Accessory Sinuses 


Development and Anatomy of the Nasal Accessory Sinuses in 
Man. Ky Warren B. Davis, M. D., Corinna Borden Keen Research 
Fellow of the Jefferson Medical College, Philadelphia. Octavo of 172 
pages, with 57 onzinal illustrations. Cloth, $3.50 net. 


ORIGINAL DISSECTIONS 


This book is based on the study of two hundred and ninety lateral nasal walls, 
presenting the anatomy and physiology of the nasal accessory sinuses from the 
serfeta day of fetal ife to advanced maturity. It represents the orioinal researce 
wers and personal dissections of Dr. Davis at the Daniel Baugh Institute of 
Anatomy of Philadelphia and at the Friedrichshain Krankenhaus of Berlin. It 
was necessary for Dr, Davis to develop a sew ferdinand by which the accessory 
sinus areas Could be removed ey gmacse at the time of postmortem! ¢xaminations, 
— stil permit of reconstruction of the face without marked disficurement. 
dnegs ea Cases in this series were thus obtained. The é0d/es af averages, Zving 
you the age, site of ostia, origin, thickness af Septum, and anterior and posterior 
walls, vertical, lateral, and Posterior diameters, and relation to the nasal floor, 
form an extremely valuable feature. Published March, 1vid 











Stelwagon 
Diseases of the Skin 


A Treatise on Diseases of the Skin. By Henry W. STELWAGON, 


M. D. Pua. DTD. Professor of Dermatology in the Jefferson Medical 
Colleze, Philadelphia. Octavo of 1309 pages, with 350 text-cuts and 
33 plates. 


Cloth, $6.50 net; Half Morocco, $8.00 net. 


EIGHTH EDITION—published November, 1916 


There are two features in Dr. Stelwacon'’s work that stand out above all the 
others: The special emphasis given the two practical phases of the subjert— 
diarnesss and freafment > and the wealth of iiustratiens, These latter are of real 
value, They teach you diagnosis as no description can. Many of these illustra- 
tions are in covers. 

Over 75 paces of the work are devoted to syfAuiits, giving you the Wassermann 
test, the salvarsan (*‘606"') treatment, and all the newest advances. Ardlzgra, 
tropical alfections, Acwtwerr disease, Oriental sore, ringworm, impetigo contaziosa 
—all those diseases being so widely discussed to-day. z 


George T. Elfot, M. D., Profester ef Dermatolecy, Cornell University. 
ni = # : 1 = " : 
itis a book that [ recommend to my class at Co riell, because for conservative judgment, 
for aceurate observation, and for a thorough appreciation of the essential position of derma- 
Sology. I think it holds first place. | 


Schamberg’s Diseases of the Skin 
and Eery ptive Fevers 


Phia Polyclinic, Octavo of c8- nace. 7 eS -Evuptive Diseases, Philadel 
= ble pases, Wustrated. Cloth, $3.25 net. 


EDITION—publishea September, 1915 
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hNVITOOURINAA Y DISEASES 


Norris 
Gonorrhea in Women 


Gonorrhea in Women. By (CHARLES C. Norris, M. D. Instructor 
in Gynecology, University of Pennsylvania, with an Introduction by 
Joux G. Crank, M. D., Professor of Gynecology, University of Penn- 


sylvania. Large octavo of 520 pages, illustrated, Cloth, §6.<o net. 
A CLASSIC 


Dr. Norris here presents a work that 15 destined to take high place among 
publications on this subject. He has done his work thoroughly. He has searched 
the important literature very carefully, over 2300 references being utilized. 
This, coupled with Dr. Norns’ long experience, gives his work the stamp of 
authority. The chapter on serum and vaccine therapy and organotherapy ‘. 
particularly valuable because it expresses the newest advances. Every phase of 
the subject ts considered. 


Pennsylvania Medical Journal 
“Dr. Norris has succeeded in presenting most comprehensively the present knowledge ot 
Fonorhea i women in its many phases. The present status of serum and vaccine therapy is 


given in detail.” Published May, 1913 


Braasch’s Pyelography 


Pyelography. By Witttam F. Braascu, M. D., The Mayo Clinic, 
Rochester, Minn. Octavo of 323 pages, with 296 pyelograms. Cloth 
5-00 net. Published March, 1015 

A NEW WORK 


Der. Braasch’s new work is the fru comprehensive collection of the various types of 
pelvic outlines, both normal and pathologic. You get here 296 skiagrams of the renal pel- 
¥is and ureter, selected from several thousand plates made at the Mayo Clinic Theté pre- 
lograms, together with the clear descriptions, constitute an admirable aid to the differential 
diagnosis of the various conditions affecting the renal pelvis. The characteristic pelvic out 
fine in @ach disease is first shown you by the excellent pyelograins; then Dr. Braasch wter- 
prets these pyclograms for you in diagnostic terms. You get the history of pyelograpSy. the 
exact technic (selection of the medium, preparation of solution, method of injection, sources 
of error, results), the normal pelves, the various pathologic outlines, and the outline pie tm 
genital anomalies. It is a most complete work, 
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Barnhill and Wales’ 
Modern Otology 


A Text-Book of Modern Otolory. By Joux F. BARNHILL. M_D. 
Professor of Otology, Laryngology, and Rhinology, | | 
bE W. Wares, M.D., Associate Professor of Otolozy Larenoclec:: 
and Rhinology, Indiana University School of Medicin veo By, 
Octavo of 598 pages, with 314 original illustrations. Ci oth, $5.50 net - 
Half Morocco, $7.00 net. Published January. 1911 


anc Ea REST 


e, Indian apolis. 


SECOND EDITION 


The authors, in whtne this work, kept ever in mind the needs of 
physician engaged in general practice. It represents the results 
expenence as practitioners and teachers, influenced by the instr 
such authorities as Sheppard, Dundas Grani, Fercy Jakins, | “nm and 
Much space is devoted to prophylaxis, diagnosis, and treatment, both mrteaica! 
and surgical. There is a special chapter on fhe éacteriolocy of car affection 


il ce ade of Gr oo. he 
1 7 


a feature not to be found in any other work on otology. Great pains have been 
taken with the illustrations, in order to have them as practical and as helpful as 
possible, and at the same time highly artistic. <A large number represent the 
best work of Mr. H. F. Aitken. 


oolidge on Nose and Throat 


Manual of Diseases of the Nose and Throat. By ALGeRxon CooL- 
IDGE, M. D., Professor of Laryngology, Harvard Medical School. 
Octavo of 360 pages, illustrated. Cloth, $ 1.50 net. Published September, 1915 


This new book furnishes the student anc Direction “7 fi rice: and ready reference to the 
important details of examination, disenosis, amd treatment. Established facts are ¢1 


sed and onprored statements avoided. Anatomy and physiology of the 
are incloded 
Frank Allport, M.D. 

Prifezer of Ofelegy, Northwertera Liar ferify, CAlcare. 

“I regard it as one of the best books in the Engi 


pectures ane especially good, particularly as they ate pract 
repraduced pictures so frequently seen. 














DISEASES OF THE EYE. 


DeSchweinitz’s 
Diseases of the Eye 


Eighth Edition—Published June, I916 


Diseases of the Eye: A HaAnpsook or OrntTHatmic Practice 
on. - FC alee ee fo 2 elie plete ID oy Tomy Ba >) poor =E 
By G, E. DESCHWEINITz, M. D., Professor of Ophthalmology in the Uni- 
versity of Pennsylvania, Philadelphia, etc. Handsome octavo of 754 
pages, 366 text-illustrations, and 7 chromo-lithographic plates. Cloth. 
$6.00 net; Sheep or Half Morocco, $7.50 net. 


THE STANDARD AUTHORITY 


The new matter added includes: Walker’s testing of visual field, squirrel 
plague conjunctivitis, swimming bath conjunctivitis, anaphylactic keratitis, family 
cerebral degeneration with macular changes. ocular symptoms of pituitary 
disease, sclerectomy with a punch, preliminary capsulotomy, indotasis, thread 
drainage of anterior chamber, extraction of cataract in capsule after subluxation 
of lens with capsule forceps, capsulomuscular advancement with partial resection, 
tenotomy of inferior oblique, window resection of nasal duct. 


Bass and Johns’ Alveolodental Pyorrhea 


Alveolodental Pyorrhea. By Cuartes C. Bass, M. D., Professor 
of Experimental Medicine, and Foster M. Jonns, M. D., Instructor in 
the Laboratories of Clinical Medicine, Tulane Medical College. Octavo 
of 168 pages, illustrated. Published June, 1915 


Cloth, $2.50 net. 


Drs. Bass and Johns present their. subject from the viewpoint of infection by 


a | : . i * Pt cele lec I : 
the Endameeba buccalis. You get a full account of the Endamecba buccalts, the 


history of disease, the morbid processes, contagiousness, symptomatology, how 
to make your diagnosis from the history and microscopic examination, prophy- 
laxis, and the exact technic for using emetin hydrochlorid. ‘You get the action 
of emetin upon the Endamocba, you get the exact dosage, you get the inten u 
petween doses, the local effect, the urticaria produced, the technic of injection. 


"| r a I i — es i cs 1 
“Upon reading through the contents of this book we are impressed’ by tne ™ markable 
; a . ' ia tree liter. 
fulness with which it reflects the notable contributions recently made to ophtoaame htera 
No important subject within its province has been neglected.” 








Cn PLAS’ FOO OS 


THE NEW 


THE sest Am e r i Ca a STANDARD 
Illustrated Dictionary 


Eighth Edition—Published August. 1915 


The American Illustrated Medical Dict lonary. A new and com- 
plete dichonary of the terms used in Medicine. Surgery, Dentistry, 
Pharmacy, Chemistry, Vetennary Socnce, Nursing, and kindred 
branches : wath over [OO new and elaborate tables anc Many ilvatra- 
bons. By W. A. Newman Dortann, M.D., Editor of « The Ameri T 
Pocket Medical Dictionary.” Large octavo, with 1137 pages, bound i: 
full flexible leather. Price, $4.50 met = with thumb Index. $5.00 Tet. 


KEY TO CAPITALIZATION AND PRONUNCIATION—ALL THE NEW WorDS 


‘This dictionary is the ‘‘ new standard.”" It defines hundr | 
terms not defined in any other dictionary—bar none. These terms 
active words, taken night from modern medical literature. 


Howard A. Kelly, M. D., 
Profester of Gyaetcelage Surgery, Johar Hopdins Curorziiy, Saitimere 
“Dr. Dorland’s Dictionary is admirable. It is so well gotten op and of 
gee. MO errors have been found in mv use of 1: 


Theobald’s Prevalent Eye Diseases 


Prevalent Diseases of the Eye. By Samurtt Tueosatp, M. D., 
Clinical Professor of Ophthalmology and Otology, Johns Hopkins 
University. Octavo of 550 pages, with 21g text-cuts and several colored 
plates. (Cloth, $4.50 net; Half Morocco, $6.00 net. Published August, 00s 


THE PRACTITIONER'S OPHTHALMOLOGY 


With few exceptions all the works on diseases of the eve althouch writer 
pmtensibly for the general practitioner, are in reality adapted only to the spe alist 
but Dr. Theohald in his book has described very clearly and in detail those condé- 
espe the diay nosis and treatment of which come within the province of the general 

tis the one Eas pein supe cstons are Concise, unequivocal, and specific. 
a =ye wntten particularly for the general practitioner. 
gon Profesor of Ophthalmelegy, Woman's Medical Collere af Penusylwania. 
siekeet, for Chee nr imitiowsly recommend M, mat only to the general physician and medsoud 
c 2 rm ¥ written. hai mul aay fo the @fprtieqoed dagah hia niga Mae 
surely Dr, Theobald bas accomplished his purpose.” 
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Haab and DeSchweinitz’s 
External Diseases of the Eye 


Atlas and Epitome of External Diseases of the Eve. 
Haar, of Zurich. Edited, with additions. by G. E. neScaweisrry 
M. D., Professor of ( Iphthalmology, Unive 


By De © 


rsity of Pennsylvania. With 
pred lithographic plates and 244 pares of 
text Cloth, $3.00 net. Jn Saunders’ fland-Atlas Series. 


IO! colored illustrations on 46 


THIRD EDITION— published February. 1909 
Conditions attending diseases of the external eve, 
have probably never been more Clearly and comprehensivel, expounded than in 
the forelying work, in which the pictorial most happily supplements the + erbal 
descnption. The price of the book is remarkably low. 
The Medical Record, New York 


== The Work i execllently Suited to the Sticle rn 


which are often socom plicaped, 


of ophthalmology and to the Pras ELS cige 
physician. It cannot fail to attain a well-deserved Popularity, 


Haab and DeSchweinitz’, 
Ophthalmoscopy 


Atlas and Epitome of Ophthalmoscopy and Ophthalmoscopic 
Diagnosis. By Dr. O. Haas. of Zirich. Edited, with additions, by 
G. E. peScuwernitz, M. D., Professor of Ophthalmology, University 
of Pennsylvania. With 132 colored lithographic illustrations and 92 
pages of text. Cloth, $3.00 net. Jw Saunders’ Hand-Atlas Series. 

SECOND EDITION—published April, 1909 

The great value of Prof. Haab's Atlas of Ophthalmoscopy and Ophthalmo- 
scopic Diagnosis has been fully established and entirely justifned an Engiish 
translation. Sot only is the student made acquainted with carefully prepared 
ophthalmoscopic drawings done into well-executed lithographs of the most im- 
portant fundus changes, but, in many instances, plates of the microscopic lesions 
areadded, The whole furnishes a manual of the greatest possible service. 


“We recommend it a5 a work that should be in the ophthalmic wards of in the library of 
erery hoapital into which ophthalmic cases are received.” 








Head’s Modern Dentistry 


Modern Dentistry. By Josern Heap, M. D., D.D.S. Octavo of 


1350 pages, with 310 illustrations, Ready rr Seplember, ror?. 


THE RESULT OF 30 YEARS’ ACTIVE PRACTICE 
| That gum and tooth infections may originate valvular heart disease, pernicious 
Fanemia, srthntis deformans, rheumatism, and nervous derangements itcore eae 
Ipeated clinical proof. Dr. Head, a specialist in this field, cites case after case of 
Sorganic diseases—yust such cases as come into your office for treatment dacke— 
which he has traced to lesions in the fums due to infection, and cured of both loca] 
and systemic affections. He gives you the principles, the technic in full, and his 
ipriginal formule: and methods. You get sections on diagnosis, treatment. mouth 
iInveiene, local anesthesia by novocain, electrolysis, tooth discoloration, care of 
children s teeth, orthodontia, cement, +-ray study, use of emetin, and of vaccines. 
it is a book of wide and varied application, of vital importance, and of true scien- 
minc value. lt appeals first to the dentist and dental surgeon, but it appeals strongly 


go the general practitioner, surgeon, and specialist because of the recognized im- 
portance of mouth infections as factors in the etiology of organic disease. 


Kyle’s 
Diseases of Nose and Throat 


Diseases of the Nose and Throat. By D. Brapen Kyte, M. D., 
‘Professor of Laryngology in the Jetterson Medical Colleze, Philadelphia. 


‘Octavo, 825 pages, with 258 illustrations, 28 in colors. Cloth, $4.50 
net; Half Morocco, $6.00 net. 


FIFTH EDITION — published November, 1914 


ce he ew (5th) edition of Dr. Kyle's work shows an RareEtrae rad Aeros and 
“ : 1 | _ = = £ o - oa a 7 i i A ge ae ou 4 
heer : eran fount he following new articées have been added: vaccine 
apy ; +actic bacteriotherapy: salvarsan in th 7 sar eee 
ah Ys SUVErsal € treatment of svphi the upper 
respiratory tract - sph : a it SVPNUIS OF the upper 
igs, » Sphenopalatine panclia neuraleia: necative a: ee 
Cessory sinus disease - c aig et So eee, epative air-pressure in ac- 
ciency of the palate asa hy Setesaaap ethm O1cdst1s t and Conrenita | Iisa I 5 
sa + : ny eres af Pri, ereon fue aqruieracre 2 a eh a ay en i 
striking Points of te Kyle's book. 1 le Bint ag anc thie pre ae Pi Fis are 


Penasylvania Medical Journal 


: = = of, terse cy th i bl . i . 
‘Wledge in. this ibe ke Bes eens has enabled the Lowes eee of all ne. Lia! nie af il throu l 
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Ogden on the Urine 


Clinical Examination of Urine and Urinary Dia Clini 
Gsuide for the Use of P ractitioners and St 7 meee te a 

i aa ie nts G t Medicn f 
gery, By J. Bercex OcpeEx, M. D. , Medical Chemist ae the 
politan Life Insurance Company, New York. 
text illustrations, and a number of colk 


and Sur- 
Me tTo= 

Octavo, 418 pa wes, 

red plates. Cloth, 53.00 net. 
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THIRD EDITION— published October, 1909 
In this edition the work has b i 
kK has been brought absolutely down to the prese ent day. 

Uninary examinations for purposes of life insurance have been i incorporated, because 
a large number of practitioners are often called upon to make such analyses, 
Special attention has been paid to diagnosis by the character of the urine, the 
diagnosis of diseases of the kidneys and urinary passages : enumeration of the 
prominent clinical symptoms of each disease: and the ee ties of the urine 
In certain peneral diseases. 
The Lancet, London 

“We consider this manual to have been well compiled; and the author's own experience. 
s° clearly stated, renders the volume a useful one both for study and reference.” 


Pilcher’s 
Practical Cystoscopy 


Practical Cystoscopy. By Paut M. Pitcuer, M. D., Consulting 
Surgeon to the Eastern Long Island Hospital. Octavo of 504 pages, 
with 299 illustrations, 29 in colors. Cloth, 56.00 net. 


SECOND EDITION—publuhed November, I9I5 


Cystoscopy is to-day the most practical manner of diagnosing and treating 
diseases of the bladder, ureters, kidneys, and prostate. To be properly equipped, 
therefore, you must have at your instant comumand the information this hook gives 
you, It explains away all difficulty, telling you wAy you do not see something 
when something és there to see, and telling you Aow to see it. All theory has 
Tee mi uncompromisingly eliminated, devoting cvery line to practical, needed- 
every-day facts, telling you how and when to use the cystoscope and catheter— 
telling you ith 4 way to make you fo tele The 7 ork i complete i in every deta j 


Bransford Lewis, M. D., ©. Leasir Unipernty 


“Lam very much pl eased with Dr. Pilcher's * Practical Cystoscopy.” I think it is the bes! 
m the English language now. —Agrail 27, fpil. 








Goepp’s 
Dental State Boards 


Dental State Board Questions and Answers.—By R. Max GoEpe. 


M. D., author “ Medical State Board Questions and Answers.” Octavo 


of 428 pages. Cloth, $3.00 net. 
SECOND EDITION—published February, 1916 


This new work 15 along the same practical lines as Dr. Goepp's successful work 
on Medical State Boards. The questions included have been gathered from reliahle 
sources, and embrace all those hkel> to be asked in any State Board examination 
inany State. They have been arranged and classified in 2 way that makes for 2 
rapid résumé of every branch of dental practice, and the answers are couched in 
languare unusually explicit—concise, definite. accurate, 

The practicing dentist, also, wiil find here a work of great value—a work 
covering the entire range of dentistry and extremely well adapted for quick 


reterence. 


Haab and deSchweinitz’s 
Operative Ophthalmology 


Atlas and Epitome of Operative Ophthalmology. By De. O. 
Haas, of Zurich. Edited, with additions, by G. E. pe Scuwetntrz. 
M. D., Professor of Ophthalmology in the University of Pennsylvania. 
With 30 colored lithographic plates, 154 text-cuts, and 375 pages of 
text. /u Saunders’ Hand-Atlas Series. Cloth, $3.50 net. 


Dr. Haab's Atlas of Operative Ophthalmology will be found as beautiful and 
35 practical as his two former atlases. The work represents the author's thirty 
years experience in eye work, The Varlous Operative interventions are described 
with all the precision and clearness that such an experience brings. Recognizing 
the fact that mere verhal descriptions are frequently insufficient to give a clear 
idea of operative procedures. Dr. Haah has taken particular care to illustrate 
Plainly the different Parts of the operations. Published January, 1005 

~ The descriptions of the various OPefations are so clear and full that the volume can well 
bold place with more pretentious text-books.~ 











: re 
——— ; Sift) AF a 
SS a 

a 


Greene and Brooks’ 
Genito-Urinary Diseases 


Diseases oft the Genito-Urinary Organs and the Kidney. By 
Rospekt H. Greene, M. D.. Professor of Grenito-Urinary Su - =e 
Fordham University; and Hartow Brooxs, M.D. Assistant Pro. 
fessor of Clinical Medicine, University and Bellevue Hospital nea 
School. Octavo of 666 Pages, liustrated. Cloth. $5.50 net: Half 
Morocco, $7.00 ne. : : 


FOURTH EDITION—published May, 1917 


This new work presents dof4 fAe medical and surgical sides. Tresiened a5 2 
work of quick reference, it has been written in a clear, condensed style 
the information can be readily grasped and retained. Atdney diseases are vers 
elaborately detailed. 


New York Medical Journal 
«As a whole the book is one of the most satisfactory and useiul works on pemto-utinar, 
diseases now extant, and will undoubtedly he popular among practitioners and students.” 
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Gleason on Nose, Throat, 
and Ear 


A Manual of Diseases of the Nose, Throat, and Ear. By E. 
Barpwis Gueason, M.D., LL. D., Professor of Otology, Medico- 


ool of Medicine, University of Penn- 


Chirurcical Colleze, Graduate Sch 4 = 
> c fusely illustrated. Cloth, $2.75 net. 


sylvania. 1i2mo of 590 pages, pro 
THIRD EDITION—published October, 1914 
Methods of treatment have been simplified 25 much = Ce - ree 
most instances only those methods, drugs, oan ap aeee tthe collection of 
which have proved beneficial. A valuable feature consis ot ieee 
formulas. 
American Journal of the Medical Sceences ‘s. 7. tern »and otology there are = 
“ For the practitioner who wishes 3 reliable guuie in spr lg 
books which can be more heartily commended. 
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Wells’ Chemical Pathology radon 


Chemical Pathology. Being a ciscussion of Genera! Path. 
ology from the Standpoint of the Chemical Prou‘sses Inv: lved 
By H. Grpzon WeEtts, Pu. D., M.D., Assistam Pr, fessor of 
Pathology in the [ nMiversity of Chi Atri (ictay Of 616 nae, 

e 7 / * ‘on 
( loth, or, aa Publiches March 190)4 

VW im. H. Welch, MM. Lb... Proafritor ay Pathology, form fifope i? Cwrrerrngéy 

oe lhe a ork fills a fral nce in ihe Enel aby lite rat re cf A very br Ter tae subject and 

I shall be glad to recommend it to my students’ a 


Jackson’s Essentials of Eye  ...2¢2 = 
| 3 : 7 a al ye Published April, 190% 
Essentials of Refraction and of Diseases of the Eye. By 
EpwakpD Jackson, A. M., M. D., Emeritus Professor of Biscases ot 

the Eye, Philadelphia Polyclinic. Post-octavo of 261 pages, 82 illu. 
trations, Cloth, $1.25 net. Jn Saunders’ Question-Compend Series. 


Johns Hopkins Hospital Bulleti 


~ the entire ground is covered, and the pomts that most need careful elucid flaw dee 
| _ a 
made clear and easy,” 


Gleason’s Nose and Throat 0.2322 


Essentials of Diseases of the Nose and Throat. By F. B. 
Gieason, 5. B., M. D.. Clinical Professor of Otology, Medico- 
Chirurgical College; Graduate School of Me: icine, University of 
Pennsylvania. Post-octavo, 241 pages, 112 Wlustrations loth, 
$1.25 net. Jn Saunders’ Question Compends. 


The- Lancet, London 

n The earefol description which is given of the varicu< procedures would | 
to enable most people of av erage intelligence and of slight anatomical know!le 
a ¥ery good attempt at Lryoposcopy. 


A . ie 
Grunwald and Grayson on the Larynx 
Atlas and Epitome of Diseases of the Larynx. By Dr. L. 
GRUNWALD, of Munich. Edited. with additions. by CHARLES P. 
GRAYSON, M.D. University of Pennsylvania. With 1o7 colored 
figures on 44 plates, 25 text-cuts, and 103 paves of text. Cloth, 
£2.50 net. J Sannaders’ Mand-ltias Series. ; Published 1504 


Mracek and Stelwagon’s Atlas of Skin ae 
Atlas and Epitome of Diseases of the Skin. By Pror. Dr 
Franz Mrkacek, of Vienna. Edited, with additions, by HENRY 

W. Sretwacox, M.D., Jefferson Medical College. With 77 col- 
ored plates, 50 half-tone illustrations, and 280 pares of text. /n 
Saunders’ Hand-Atlas series. Cloth, 400 net. " Pubhabed July, 1008 





de Schweinitz and Holloway on Pulsating E-xoph- 
thalmos 


PULSATING EXOPHTHAI LCS, An analysis of SACY-NIN€ CaSe5 not pre. 


viously analyzed. By Grorcer E. DESCHWEINITZ, M. D., and THoas 
B HoLLoway. M. 1). (ictavo of [25 Pages. (loth. $2.00 net 


This monograph consists of an analysis of sixty-nine casez of thic atfection 
ne previously analyzed. The therapeutic measures. surgical and otherwise, 
which have been employed are compared, and an endcavor has been made 
to determine from these analyses which procedures seem likely to prove of 
the greatest value. It is the most valuable contribution te ophthalmic liter. 
ature within recent years. Published Anrust tos 


British Medical Journal 


“The honk deals wery th roughly with the whole suby ett anc im jt the moat COM plete coon oe 
the disease will be foond, 


Jackson on the Eye Preparing New (34) Fans. 


A MANUAL OF THE DIAGNOSIS AND TREATMENT OF Diseases oF tue 
Eve. By Epwarp Jackson, A. M., M. D.; Professor of Ophthalmology, 
University of Colorado. r2mo volume of 615 pages, with 134 beautiful 
illustrations. 


The Medical Record, New York 


wut & truly an admirable work... . Written ina clear, concise manner, it bears eWidence of the 
author's Coes trehe mi re grat of the subyeed. Tbe ters: * maleom ini parva’ ba an appropriate one fo 
apply to this work." 


Grant on Face, Mouth. and Jaws 


A Text-Book oF THE StroicaL PRINCIPLES anp SurcicaL DIsrases 
OF THE Face, Moutu, anp Jaws. -For Dental Students. By H. Horace 
GRANT, A. M., M. D., Professor of Surgery and of Clinical SUIgEry, 
Hospital College of Medicine, Louisville. Octavo of 231 pages, with 
68 illustrations. Cloth, $2. 50 net. Published September, 1011 


Preiswerk and Warren’s Dentistry 


ATLAS AND Eprrome or Dentistry. By Pror, G. PREISWERK, of 
Basil. Edited, with additions, by GEORGE W. WARREN, D.D.5., Pro- 
fessor of Operative Dentistry, Pennsylvania College of Dental Surgery, 
Philadelphia. With 44 lithographic plates, 152 text-cuts, and 343 pages 
of text. Cloth, $3.50 net. Jw Sawaders’ Atlas Series. por Aggust, loog 


Asher’s Chemistry and Toxicology 


STR Tox1co.e luURS: ¥ Perr Asuer. Pa.G.. 
-HEMISTRY AND TOXICOLOGY FOR NURSES. By Puitir ASHER, Pit. 

MD. Deon and Professor of Chemistry, New Orleans College of Phar- 
aces zmo of T90 pages. Cloth, Sr.25 net, Published Qetoher, 1014 
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